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SELF-CHECKOUT SYSTEM, PURCHASED
PRODUCT MANAGEMENT METHOD, AND
PURCHASED PRODUCT MANAGEMENT
PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation application of
U.S. patent application Ser. No. 16/971,718 filed on Aug. 21,
2020, which is a National Stage Entry of International
Application PCT/JP2018/009204 filed Mar. 9, 2018, the
disclosures of which is incorporated herein in its entirety by
reference.

TECHNICAL FIELD

The present invention relates to a self-register (self-
checkout) system that automatically manages products pur-
chased by customers, a purchased product management
method thereof, and a purchased product management pro-
gram therefor.

BACKGROUND ART

Stores that sell products, such as convenience stores and
supermarkets, have introduced self-checkout systems in
which customers themselves operate cash register (herein-
after, referred to as checkout) terminals. In a typical self-
checkout system, a customer makes payment by causing the
checkout terminal to read a product identification code (for
example, a barcode). Since, however, it takes time and effort
for the customer to determine the position of the identifica-
tion code, various methods have been proposed for auto-
matically identifying the product purchased by the customer.

For example, Patent Literature (PTL) 1 describes a prod-
uct monitoring device that monitors the display state of
products. The device described in PTL 1 detects a product
from an image of the display area and evaluates the product
display state in the display area on the basis of a result of the
detection.

In addition, PTL 2 describes a point-of-sales (POS) sys-
tem for payment of products. The POS system described in
PTL 2 detects the flow line of a customer by using a captured
image, identifies a customer who intends to make a payment
for a product, and recognizes the product for payment with
the product displayed in a position corresponding to the flow
line of the customer as a candidate.

Non Patent Literature (NPL) 1 describes a method of
subtracting a background image by using an adaptive Gauss-
ian mixture model.

CITATION LIST
Patent Literature

PTL 1: International Publication No. WO 2015/079622
PTL 2: International Publication No. WO 2015/140853

Non Patent Literature

NPL 1: Zoran Zivkovic, “Improved Adaptive Gaussian
Mixture Model for Background Subtraction,” Proceed-
ings of the 17th International Conference on Pattern
Recognition (ICPR’04), U.S. IEEE Computer Society,
August 2004, Volume2-Volume02, pp. 28-31
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2
SUMMARY OF INVENTION

Technical Problem

The product monitoring device described in PTL 1
extracts an object from a video by using a general image
recognition method. In order to extract an object from a
video by using a general image recognition method, how-
ever, an image (reference image) that represents the object
to be extracted is required. In some cases, however, there are
thousands to tens of thousands of products at a convenience
store or a supermarket, and these products are generally
replaced on a regular basis. Therefore, collecting and updat-
ing the reference images for all products causes a problem
of extremely high cost.

In addition, although products associated with flow line
data are determined to be candidates for a payment process
in the system described in PTL 2, it is difficult to specify a
product that a customer purchases out of the candidates.

Therefore, it is an object of the present invention to
provide a self-checkout system, a purchased product man-
agement method, and a purchased product management
program capable of properly managing products purchased
by customers without preparing images of individual prod-
ucts in advance.

Solution to Problem

According to an aspect of the present invention, there is
provided a self-checkout system including: a change detec-
tion means for detecting an area of change in a product shelf
on which a product has been arranged, on the basis of a
captured image of the product; a classification means for
classifying the change in the product shelf in the detected
area of change; and a shopping list generation means for
generating a shopping list for a customer on the basis of the
classification of the change in the product shelf and of the
shelving information on the product shelf.

According to another aspect of the present invention,
there is provided a purchased product management method
including: detecting an area of change in a product shelf on
which a product has been arranged, on the basis of a
captured image of the product; classifying the change in the
product shelf in the detected area of change; and generating
a shopping list for a customer on the basis of the classifi-
cation of the change in the product shelf and of the shelving
information on the product shelf.

According to still another aspect of the present invention,
there is provided a purchased product management program
for causing a computer to perform: a change detection
process for detecting an area of change in a product shelf on
which a product has been arranged, on the basis of a
captured image of the product; a classification process for
classifying the change in the product shelf in the detected
area of change; and a shopping list generation process for
generating a shopping list for a customer on the basis of the
classification of the change in the product shelf and of the
shelving information on the product shelf.

Advantageous Effects of Invention

The present invention enables products purchased by
customers to be properly managed without preparing images
of individual products in advance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 It depicts a block diagram illustrating a configu-
ration example of a first exemplary embodiment of a self-
checkout system according to the present invention.
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FIG. 2 It depicts an explanatory diagram illustrating an
example of a use scene of a self-checkout system 1.

FIG. 3 It depicts a block diagram illustrating a configu-
ration example of an image processing device 100.

FIG. 4 It depicts a block diagram illustrating a configu-
ration example of a first change detection unit and a first
storage unit.

FIG. 5a through 5¢ It depicts an explanatory diagram
illustrating an example of operation of a foreground area
detection unit.

FIG. 6 It depicts an explanatory diagram illustrating an
example of a classification result output from an area change
classification unit.

FIG. 7 It depicts an explanatory diagram illustrating an
example of product-and-person relationship information.

FIG. 8 It depicts an explanatory diagram illustrating an
example of integrated product-and-person relationship
information.

FIG. 9 It depicts a block diagram illustrating a configu-
ration example of a shopping list management device.

FIG. 10 It depicts an explanatory diagram illustrating an
example of shelving information.

FIG. 11 It depicts a flowchart illustrating an example of
operation of an image processing device 100 of a first
exemplary embodiment.

FIG. 12 It depicts a flowchart illustrating an example of
operation of a self-checkout system of the first exemplary
embodiment.

FIG. 13 It depicts an explanatory diagram illustrating a
configuration example of an image processing device 200.

FIG. 14 It depicts block diagram illustrating a configu-
ration example of a second change detection unit and a
second storage unit.

FIG. 15 It depicts a flowchart illustrating an example of
operation of an image processing device 200 of a second
exemplary embodiment.

FIG. 16 It depicts an explanatory diagram illustrating a
configuration example of a third exemplary embodiment of
a self-checkout system according to the present invention.

FIG. 17 It depicts an explanatory diagram illustrating a
configuration example of an image processing device 300.

FIG. 18 It depicts an explanatory diagram illustrating an
example of flow line data.

FIG. 19 It depicts an explanatory diagram illustrating an
example of product-and-person relationship information.

FIG. 20 It depicts an explanatory diagram illustrating an
example of integrated product-and-person relationship
information.

FIG. 21 It depicts a flowchart illustrating an example of
operation of an image processing device 300 of a third
exemplary embodiment

FIG. 22 It depicts block diagram illustrating a modifica-
tion of a self-checkout system of the third exemplary
embodiment.

FIG. 23 It depicts a block diagram illustrating a configu-
ration example of an image processing device 300a.

FIG. 24 It depicts an explanatory diagram illustrating
another example of flow line data.

FIG. 25 It depicts an explanatory diagram illustrating an
example of operation of detecting a foreground area.

FIG. 26 It depicts an explanatory diagram illustrating an
example of operation of detecting a foreground area.

FIG. 27 It depicts an explanatory diagram illustrating an
example of operation of detecting a foreground area.

FIG. 28 It depicts an explanatory diagram illustrating an
example of operation of a self-checkout system in a first
concrete example.
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FIG. 29 It depicts an explanatory diagram illustrating an
example of operation of a self-checkout system in a second
concrete example.

FIG. 30 It depicts a block diagram illustrating a hardware
configuration example of an information processing device
for implementing constituent elements of each device.

FIG. 31 It depicts a block diagram illustrating the outline
of'a self-checkout system according to the present invention.

DESCRIPTION OF EMBODIMENT

Hereinafter, exemplary embodiments of the present
invention will be described with reference to appended
drawings.

Exemplary Embodiment 1

In the first exemplary embodiment, description will be
made on a self-checkout system 1 that manages a list of
products that a customer plans to purchase (hereinafter,
referred to as “shopping list™) on the basis of a captured
image.

As will be described later, the self-checkout system 1 of
this exemplary embodiment detects a change in a product
shelf 3 on the basis of a captured image captured by an
imaging device 2 and also detects areas of persons and
objects that are included in the captured image. Then, the
self-checkout system 1 associates the change in the product
shelf 3 with an extracted person and integrates the informa-
tion associated with the person as a reference. Thus, the
self-checkout system 1 is configured to associate the change
in the product shelf 3 on the basis of the extracted person.
As a result, the self-checkout system 1 detects a product that
the extracted person intends to purchase.

FIG. 1 is a block diagram illustrating a configuration
example of a first exemplary embodiment of a self-checkout
system according to the present invention. The self-checkout
system 1 of this exemplary embodiment includes a terminal
10 carried by a customer, an image processing device 100,
an imaging device 2, a shopping list management device 20,
an output device 30, a payment device 40, and a person
identification device 50. The terminal 10, the image pro-
cessing device 100, the imaging device 2, the shopping list
management device 20, the output device 30, the payment
device 40, and the person identification device 50 are
interconnected via, for example, a network N.

In this exemplary embodiment, the image processing
device 100, the imaging device 2, and the shopping list
management device 20 will be described as separate com-
ponents. Each component, however, may be built in another
device. For example, the imaging device 2 may have a
function as the image processing device 100 described later,
and the image processing device 100 may have a function as
the imaging device 2. Moreover, for example, the image
processing device 100 and the shopping list management
device 20 may be implemented by the same hardware to
receive an image captured by the imaging device 2 and to
perform the respective processes described later.

In addition, FIG. 1 illustrates a case of a single imaging
device 2. The number of imaging devices 2 included in the
self-checkout system 1, however, is not limited to one, and
may be two or more.

FIG. 2 is an explanatory diagram illustrating an example
of a use scene of the self-checkout system 1. Referring to
FIG. 2, in the self-checkout system 1, the imaging device 2
captures an image of the product shelf 3 in the store. Then,
the imaging device 2 sends a video signal indicating the
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captured image captured by the imaging device 2 to the
image processing device 100.

The imaging device 2 is, for example, a security camera
installed in a store or the like. The imaging device 2 is
installed, for example, at a predetermined position where the
product shelf 3 can be imaged in a store or the like. In
addition, a camera ID or the like for identifying the imaging
device 2 is assigned in advance to the imaging device 2. The
imaging device 2 acquires a captured image. At this time, the
imaging device 2 refers to, for example, its own clock or the
like and associates the imaging time, which is the time when
the captured image was acquired, with the acquired captured
image. In this way, the imaging device 2 acquires the
captured image representing the state of the product shelf 3
and the like.

The video captured by the imaging device 2 may be a
moving image or be composed of continuous still images.
Further, in this exemplary embodiment, the captured image
acquired by the imaging device 2 is at least one of a color
image (hereinafter, referred to as “RGB [red green blue]
image”) and a range image. The captured image acquired by
the imaging device 2 may be, for example, an image in a
color space other than the RGB image color space.

As described above, the imaging device 2 sends the video
signal indicating the acquired captured image to the image
processing device 100. The imaging device 2 may store the
captured image in the inside of the imaging device 2 or in a
storage device different from the image processing device
100.

The image processing device 100 is an information pro-
cessing device that classifies a change in the product shelf by
analyzing the captured image of the product.

FIG. 3 is an explanatory diagram illustrating a configu-
ration example of the image processing device 100. The
image processing device 100 of this exemplary embodiment
includes a first acquisition unit 110, a first change detection
unit 120, a first storage unit 130, a first relationship genera-
tion unit 140, and a relationship integration unit 150. Spe-
cifically, the image processing device 100 includes, for
example, an arithmetic device and a storage device (not
illustrated). Then, the image processing device 100 imple-
ments each of the above processing units, for example, by
executing programs stored in the storage device on the
arithmetic device.

Note that the image processing device 100 illustrated in
FIG. 3 represents a configuration unique to the present
disclosure. The image processing device 100 may have a
member not illustrated in FIG. 3. This is the same as for the
second and subsequent exemplary embodiments.

The first acquisition unit 110 acquires the video signal
indicating the captured image acquired by the imaging
device 2 that images the product shelf 3. The first acquisition
unit 110 may receive the video signal sent from the imaging
device 2. The first acquisition unit 110 may acquire a video
signal converted based on the captured image stored in the
inside of the imaging device 2 or in a storage device different
from the imaging device 2 and the image processing device
100.

As described above, the image processing device 100 may
be built in the imaging device 2. In this configuration, the
first acquisition unit 110 may be configured to acquire a
captured image itself.

The first acquisition unit 110 converts the acquired video
signal to at least one or both of the RGB image and the range
image that constitute the video signal. Then, the first acqui-
sition unit 110 supplies the converted image (at least one or
both of the RGB image and the range image) to the first
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change detection unit 120. Note that the RGB image and
range image, which have been acquired by the first acqui-
sition unit 110 by converting the video signal, represent
captured images of the product shelf 3 captured by the
imaging device 2 and therefore are also simply referred to as
“captured images.”

FIG. 4 is a block diagram illustrating a configuration
example of the first change detection unit 120 and the first
storage unit 130. Referring to FIG. 4, the first change
detection unit 120 and the first storage unit 130 will be
described below.

The first storage unit 130 is a storage device such as a hard
disk or a memory. The first storage unit 130 stores back-
ground information 131, a shelf change model 132, fore-
ground information 133, and person information 134. The
first storage unit 130 may be implemented by a storage
device different from the image processing device 100, or
may be built in the first change detection unit 120. Further-
more, the background information 131, the shelf change
model 132, the foreground information 133, and the person
information 134 may be stored in the same storage device or
may be stored in different storage devices.

The background information 131 is a reference image for
a comparison with the captured image performed by the first
change detection unit 120. The background information 131
is also referred to as “background image.” The background
information 131 is preferably the same type of image as, for
example, the captured image. For example, in the case where
the captured image is an RGB image, it is preferable that the
background information 131 is also an RGB image. The
background information 131 may be a captured image
initially supplied to the first change detection unit 120 from
the first acquisition unit 110, or may be an image given in
advance.

Furthermore, as described later, the background informa-
tion 131 is updatable information. The details of the process
performed when updating the background information 131
will be described later.

The shelf change model 132 is a model of the change in
the product shelf 3, which has been learned in advance. The
shelf change model 132 is previously stored, for example, in
the first storage unit 130. The shelf change model 132 may
be obtained by learning with machine learning such as, for
example, the convolutional neural network, which is known
widely in general.

The shelf change model 132 represents, for example, “a
change caused by that a product is no longer contained in the
product shelf 3” or “a change caused by that a product is
contained anew in the product shelf 3,” which have been
learned by using an image in which the product is contained
in the product shelf 3 and an image in which the product is
not contained in the product shelf 3. In addition, the shelf
change model 132 represents “a change caused by a different
appearance of a product displayed on the product shelf 3,”
which has been learned by using an image of a plurality of
products and a plurality of images in which the shape of each
product has changed. Furthermore, the shelf change model
132 represents “a change caused by the presence of a person
in front of the product shelf 3,” “a change caused by the
presence of a shopping cart in front of the product shelf 3,”
and the like which have been learned by using a captured
image captured with no physical object in front of the
product shelf 3 and a captured image captured with a
physical object such as a person in front of the product shelf
3. Furthermore, the shelf change model 132 may represent,
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for example, “a change caused by a change in illumination,”
which has been learned by using images in various envi-
ronments.

The learning data of the shelf change model 132 may be,
for example, a 6-channel image, in which two RGB images
before and after the change are combined, or may be a
2-channel image, in which any one of the R, G, and B
components of one RGN image before the change is com-
bined with that of the other RGB image after the change.
Moreover, the learning data may be, for example, a 4-chan-
nel image, in which any two of the R, G, and B components
of one RGB image before the change are combined with
those of the other RGB image after the change, or may be
a 2-channel image, in which two RGB images before and
after the change are converted to gray scale images and then
combined. Moreover, the learning data may be an image
obtained by converting RGB images before and after the
change to images in another color space such as HSV (hue
saturation value) color space, and combining one or more
channels in the color space after the conversion to another
color space.

Furthermore, the learning data of the shelf change model
132 may be generated from a color image such as an RGB
image, or may be generated by using both of a color image
and a range image.

The foreground information 133 is stored by a foreground
area detection unit 121. The foreground information 133
includes information indicating a foreground area (area of
change) that is an area different from the background image
of the RGB image, where the area is detected by the
foreground area detection unit 121 as a result of a compari-
son between the background information 131, which is a
background image, and the RGB image, which is a captured
image. Specifically, the foreground information 133 is a
binary image associated with the imaging time of the
captured image, for example. The details of the process of
storing the foreground information 133 will be described
later.

The person information 134 is stored by the foreground
area tracking unit 123. The person information 134 is
generated by associating, for example, the ID of the imaging
device (camera ID), the person ID, the position on the
captured image, the imaging time of the captured image, or
the like with a person area extracted by the foreground area
tracking unit 123. As will be described later, the person area
is, for example, an RGB image. In other words, the person
information 134 is allowed to include information indicat-
ing, for example, the color, dimensions, shape, and aspect
ratio of a circumscribing rectangle of the stored person area.
The details of the process of storing the person information
134 will be also described later.

The first change detection unit 120 detects the area of
change related to the product shelf 3.

For example, in the case where a product displayed on the
product shelf 3 included in the captured image is not
included in an image (for example, the background image)
acquired previous to the captured image, the first change
detection unit 120 detects the area of the product. Further-
more, for example, in the case where a product displayed on
the product shelf 3 included in the background image is not
included in the captured image, the first change detection
unit 120 detects the area of the product. Moreover, for
example, in the case where the product displayed on the
product shelf 3 included in the captured image is different in
appearance from the product included in the background
image, the first change detection unit 120 detects the area of
the product. In this manner, the first change detection unit
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120 detects changes in the display state of products such as
a decrease in products (lost), an increase in products (ap-
peared anew), a difference in appearance of a product, and
the like, on the basis of the captured image.

Furthermore, for example, in the case where the captured
image is captured when a person or an object is present
between the product shelf 3 and the imaging device 2, the
first change detection unit 120 detects the area of the person
or object included in the captured image of the product shelf
3.

As described above, the first change detection unit 120
detects an area of change related to the product shelf 3, such
as an area of change in the inside of the product shelf 3,
which is an area where the product display state has
changed, or an area of change in the captured image of a
person or an object present between the product shelf 3 and
the imaging device 2.

As illustrated in FIG. 4, the first change detection unit 120
includes the foreground area detection unit 121, a back-
ground information updating unit 122, the foreground area
tracking unit 123, a first extraction unit 124, a second
extraction unit 125, and an area change classification unit
126.

The foreground area detection unit 121 receives the
captured image supplied from the first acquisition unit 110.
Moreover, the foreground area detection unit 121 acquires
background information 131 corresponding to the captured
image from the first storage unit 130. As described above,
the background information 131 is an RGB image. The
foreground area detection unit 121 compares the captured
image and the background information 131, which are two
RGB images, with each other. Then, the foreground area
detection unit 121 detects an area changed between the two
RGB images compared with each other, as an area of
change. Since the foreground area detection unit 121 com-
pares the background information 131, which is a back-
ground image, with the RGB image, which is a captured
image, it can also be said that the foreground area detection
unit 121 performs a process of detecting the foreground area,
which is an area different from the background image.

In this exemplary embodiment, the method in which the
foreground area detection unit 121 detects the area of change
is not particularly limited. The foreground area detection
unit 121 may detect the area of change by using an existing
technique. The foreground area detection unit 121 may
detect the area of change by using, for example, a back-
ground subtraction method. The foreground area detection
unit 121 may generate a binary image in which the pixel
value of the detected area of change is represented by 255
and other pixel values are each represented by O.

The following describes an example of the operation of
the foreground area detection unit 121 more specifically
with reference to FIG. 54 through 5c¢. FIG. 5a through 5c¢ is
an explanatory diagram illustrating an example of operation
of the foreground area detection unit 121. FIG. 54 illustrates
an example of a captured image, and FIG. 55 illustrates an
example of the background information 131 corresponding
to the captured image stored in the first storage unit 130.
Moreover, FIG. 5¢ illustrates an example of a binary image
that is a detection result of the area of change.

Referring to FIGS. 5a and 5b, there are differences
between the captured image and the background information
131 in the three areas of products G1, G2, and G3. For
example, in the cases illustrated in FIGS. 5a and 55, the
product G1 is not included in the background information
131, but included in the captured image. Moreover, the
product G3 is included in the background information 131,
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but not included in the captured image. Furthermore, another
product is displayed on the background information 131 at
the position of the product G2 included in the captured
image. Therefore, the foreground area detection unit 121
detects the area of the product G2 as an area in which a
change has occurred. In this case, the foreground area
detection unit 121 generates a binary image in which the
parts corresponding to the areas of the products G1, G2, and
(3 are represented in white and other parts are represented
in black, for example, as illustrated in FIG. 5c.

In the following description, an area of change is a white
part as illustrated in FIG. 5¢. In other words, the area of
change is, for example, a set of pixels with a pixel value of
255 and with any of the pixels adjacent to those pixels
having a pixel value of 255. In the example illustrated in
FIG. 5¢, the foreground area detection unit 121 detects three
areas of change.

As described above, the foreground area detection unit
121 generates a binary image having the same size as the
captured image, for example. Furthermore, the foreground
area detection unit 121 associates a binary image that is a
detection result with the imaging time of the captured image
used to generate the binary image. The foreground area
detection unit 121 may associate the binary image with the
information indicating the captured image used to generate
the binary image, the information indicating the background
information 131, or the like. Then, the foreground area
detection unit 121 supplies the detection result associated
with the imaging time of the captured image or the like to the
background information updating unit 122 and to the fore-
ground area tracking unit 123. Furthermore, the foreground
area detection unit 121 stores the detection result associated
with the imaging time of the captured image, as the fore-
ground information 133, into the first storage unit 130.

Note that the result of the detection by the foreground area
detection unit 121 only needs to include information indi-
cating the detected area of change. The foreground area
detection unit 121 may associate, for example, the informa-
tion indicating the position of the detected area of change
(the area where the pixel value is 255) and its size with the
information indicating the captured image used to detect the
area of change and with the information indicating the
background image and may output the association result as
a detection result. In this manner, the detection result output
by the foreground area detection unit 121 may be in any
format.

In addition, the foreground area detection unit 121 may
associate the imaging time of the captured image with the
binary image, which is the detection result, and may also
associate color information contained in the area of change
extracted from the captured image with the binary image.
The foreground area detection unit 121 may associate the
image of the area of change with the detection result, instead
of the color information of the area of change. Thus, the
foreground area detection unit 121 may associate informa-
tion other than the imaging time with the detection result.

Furthermore, as illustrated in FIG. 5¢, the binary image
generated by the foreground area detection unit 121 some-
times includes a plurality of areas of change. In such a case,
the foreground area detection unit 121 may generate a binary
image for each area of change. The method in which the
foreground area detection unit 121 generates the binary
image for each area of change will be described later as a
modification of the foreground area detection unit 121.

The foreground area tracking unit 123 tracks the area of
change detected by the foreground area detection unit 121
among a plurality of captured images. The foreground area
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tracking unit 123 supplies binary images to the first extrac-
tion unit 124 and to the second extraction unit 125 or
extracts a person area, according to the tracking result. The
foreground area tracking unit 123 also supplies an update
signal indicating an update of the background information
131 to the background information updating unit 122.

The foreground area tracking unit 123 receives the detec-
tion result (binary image) supplied from, for example, the
foreground area detection unit 121. The foreground area
tracking unit 123 acquires the foreground information 133,
which is a binary image generated from the captured image
that has been captured before the imaging time of the
captured image related to the binary image, which is asso-
ciated with the binary image that is the detection result, from
the first storage unit 130. Then, the foreground area tracking
unit 123 tracks the area of change by performing a process
of linking the respective areas of change each represented by
a binary image.

The foreground area tracking unit 123 is able to track an
area of change by using various methods. The foreground
area tracking unit 123 calculates similarity, for example, on
the basis of at least one of the dimensions, shape, and aspect
ratio of a circumscribing rectangle of the area of change,
which is represented by the binary image supplied from the
foreground area detection unit 121 and the foreground
information 133 acquired from the first storage unit 130.
Further, the foreground area tracking unit 123 tracks the area
of change by linking the areas of change each having the
highest calculated similarity with each other. Furthermore,
in the case of a configuration in which color information is
associated with the detection result, the foreground area
tracking unit 123 may perform the tracking by using the
color information. The foreground area tracking unit 123
may perform the tracking on the basis of the image of the
area of change associated with the detection result.

The foreground area tracking unit 123 confirms whether
the tracking result is a predetermined time or longer, or
whether the moving distance of the area of change is a
predetermined threshold or more. Note that the predeter-
mined time and the predetermined threshold used for the
confirmation by the foreground area tracking unit 123 are
arbitrary.

In the case where the moving distance of the area of
change is less than the predetermined threshold and the
tracking result is the predetermined time or longer, the
foreground area tracking unit 123 supplies the binary image,
which is the detection result supplied from the foreground
area detection unit 121, to the first extraction unit 124 and
to the second extraction unit 125. At this time, the fore-
ground area tracking unit 123 adds, for example, informa-
tion indicating the captured image used to generate the
binary image and information indicating the background
information 131 to the binary image and supplies the binary
image to the first extraction unit 124 and to the second
extraction unit 125. The foreground area tracking unit 123
may supply, for example, the corresponding captured image
and background information 131 along with the binary
image to the first extraction unit 124 and to the second
extraction unit 125. Moreover, in the case where the binary
image includes a plurality of areas of change and one of the
areas of change has not been tracked for a predetermined
time or longer, the foreground area tracking unit 123 may
supply the binary image to the first extraction unit 124 and
to the second extraction unit 125 together with the informa-
tion indicating the area of change tracked for the predeter-
mined time or longer.
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In the case where the binary image includes a plurality of
areas of change, the foreground area tracking unit 123 may
generate a plurality of binary images such that one binary
image includes one area of change. For example, a binary
image including only the area of change that has been
tracked for the predetermined time or longer may be sup-
plied to the first extraction unit 124 and to the second
extraction unit 125, and a binary image including the area of
change that has not been tracked for the predetermined time
or longer track may be discarded. Note that the foreground
area tracking unit 123 may receive the binary image for each
area of change as the detection result from the foreground
area detection unit 121.

In the case where the moving distance of the area of
change is equal to or more than the predetermined threshold,
the foreground area tracking unit 123 determines that the
object included in the area of change is a moving body. If the
object included in the area of change is determined to be a
moving body in this manner, the foreground area tracking
unit 123 inhibits supplying the area of change to the first
extraction unit 124 and to the second extraction unit 125. As
a result, the image processing device 100 is able to delete
changes related to the product shelf 3 that are irrelevant to
the increase or decrease of products, such as “a change
caused by the presence of a person in front of the product
shelf 3.” This enables the product display state to be
monitored more accurately.

Note that the foreground area tracking unit 123 may
supply the determination result, in which the object included
in the area of change is determined to be a moving body, to
the first extraction unit 124 and to the second extraction unit
125 in association with the area of change. Furthermore, in
the case where the determination result is associated with the
area of change, the area change classification unit 126 may
classify the change related to the product shelf 3 in this area
of change as a type of change related to an object other than
a product displayed on the product shelf 3. For example, the
area change classification unit 126 may classify the change
related to the product shelf 3 in the area of change as the type
of change related to an object other than a product, such as
“a change caused by the presence of a person in front of the
product shelf 3,” “a change caused by the presence of a
shopping cart in front of the product shelf 3,” or the like.

The foreground area tracking unit 123 extracts the area of
change determined to be a moving body from the captured
image, as a person area. Specifically, the foreground area
tracking unit 123 uses the captured image and the binary
image that has the same size as the captured image to extract
an image in an area on the captured image corresponding to
the area where the pixel value is 255 in the binary image, as
a first attention image. For example, in the case where the
captured image is an RGB image, the extracted person area
is also an area of an RGB image.

For each area of change determined to be a moving body,
the foreground area tracking unit 123 may extract a person
area of the same shape as the area of change or may extract
an area enclosed by a frame of the same shape as the
predetermined shape circumscribing the area of change as a
person area. The shape of the frame circumscribing the area
of change may be, for example, a rectangle, an ellipse, or
any other shape. Moreover, the foreground area tracking unit
123 may extract an area enclosed by a frame that is larger
than the frame circumscribing the area of change by a
predetermined size as a person area.

Subsequently, the foreground area tracking unit 123 asso-
ciates an 1D of the imaging device 2 (camera ID), a person
1D assigned to, for example, each extracted person area, a
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position on a captured image, the imaging time of the
captured image, and the like with the extracted person area.
Then, the foreground area tracking unit 123 stores the
associated information into the first storage unit, as person
information 134. The position on the captured image may be
represented by the coordinate values of the four corners of
the circumscribing rectangle of the area of change deter-
mined to be a moving body, for example, or may be
represented by the coordinate value of at least one of the four
corners and the width and height of the circumscribing
rectangle.

Furthermore, the foreground area tracking unit 123 sup-
plies an update signal indicating an update of the back-
ground information 131 to the background information
updating unit 122.

For example, in the case of supplying the detection result
indicating the area of change to the first extraction unit 124
and to the second extraction unit 125 after tracking the area
of change, the foreground area tracking unit 123 supplies an
update signal with a vale of 1 along with information
indicating the area of change to the background information
updating unit 122. The update signal with the value of 1
indicates that the image of the part corresponding to the area
of change in the background information 131 is to be
updated. Moreover, in the case of not supplying the detec-
tion result to the first extraction unit 124 and to the second
extraction unit 125, the foreground area tracking unit 123
may supply an update signal with a value of 0 along with the
information indicating the area of change to the background
information updating unit 122. The update signal with the
value of 0 indicates that the image of the part corresponding
to the area of change in the background information 131 is
not to be updated. The case where the detection result is not
output to the first extraction unit 124 and to the second
extraction unit 125 means, for example, a case where the
tracking result is less than a predetermined time, or a case
where the moving distance of the area of change is equal to
or more than a predetermined threshold.

The foreground area tracking unit 123 may supply the
update signal indicating an update of the background infor-
mation 131 to the background information updating unit 122
at a timing other than the above example. In the case where
it is determined that a product included in the area of change
is likely to have been purchased or added, for example, on
the basis of product purchase information or purchase-of-
stock information, store worker work information, and the
like sent from an external device (not illustrated) of the
image processing device 100, the foreground area tracking
unit 123 may output an update signal with a value of 1 to
update the background of the product shelf 3. The fore-
ground area tracking unit 123 may supply the update signal
indicating the update of the background information 131 to
the background information updating unit 122 on the basis
of the tracking time or the like included in the tracking
result.

On the basis of the captured image supplied from the first
acquisition unit 110, the detection result supplied from the
foreground area detection unit 121, the background infor-
mation 131 (for example, an RGB image) stored in the first
storage unit 130, and the update signal supplied from the
foreground area tracking unit 123, the background informa-
tion updating unit 122 updates the background information
131. The method in which the background information
updating unit 122 updates the background information 131
is not particularly limited. The background information
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updating unit 122 may update the background information
131 by using the same method as the method described in
NPL 1, for example.

Note that the background information updating unit 122
does not need to update, for example, the image of the part
that corresponds to the area of change indicated by the
detection result supplied from the foreground area detection
unit 121, in the image indicated by the background infor-
mation 131. For example, in the case of receiving the
above-described update signal with a value of 0 from the
foreground area tracking unit 123, the background informa-
tion updating unit 122 does not update the background
information of the area corresponding to the area of change.

As described above, in the case of not outputting the
detection result to the first extraction unit 124 and to the
second extraction unit 125, the foreground area tracking unit
123 supplies the update signal with the value of 0 to the
background information updating unit 122. If the tracking
result satisfies a first predetermined condition in this manner,
the background information updating unit 122 receives the
update signal with the value of 0 and does not update the
background information of the area corresponding to the
area of change. In other words, if the tracking result satisfies
the first predetermined condition, the background informa-
tion updating unit 122 updates the background information
131 except the area corresponding to the area of change. As
a result, the area corresponding to the area that has not been
updated in the captured image acquired next by the first
acquisition unit 110 is easily detected as an area of change
by the foreground area detection unit 121.

Moreover, for example, in the case where the update
signal supplied from the foreground area tracking unit 123
has a value of 1, the background information updating unit
122 updates the image of the part corresponding to the area
of change indicated by the detection result supplied from the
foreground area detection unit 121 in the RGB image
indicated by the background information 131. As described
above, if the tracking result is predetermined time or longer,
the foreground area tracking unit 123 supplies the detection
result representing the tracked area of change to the first
extraction unit 124 and to the second extraction unit 125,
and also supplies an update signal with a value of 1 to the
background information updating unit 122. In other words,
if the second predetermined condition that the tracking result
is a result of tracking for a predetermined time or longer is
satisfied, the background information updating unit 122
receives the update signal with the value of 1 from the
foreground area tracking unit 123, and updates the image of
the part corresponding to that area of change in the back-
ground information 131. Thereby, the background informa-
tion updating unit 122 is able to bring the background
information 131 stored in the first storage unit 130 closer to
the captured image acquired by the first acquisition unit 110
at that time. Therefore, the image processing device 100 is
able to prevent the foreground area detection unit 121 from
detecting the area in the captured image, which is acquired
next by the first acquisition unit 110 in response to the above
area of change, as an area of change.

The first extraction unit 124 receives a binary image,
which is a detection result, from the foreground area track-
ing unit 123. In addition, the first extraction unit 124
acquires the captured image used to generate the binary
image from the first acquisition unit 110. Note that the first
extraction unit 124 may receive the captured image together
with the binary image from the foreground area tracking unit
123.
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The first extraction unit 124 extracts the image of the area
of change from the captured image. Specifically, the first
extraction unit 124 uses the captured image and the binary
image, which has the same size as the captured image, to
extract the image of the area in the captured image corre-
sponding to the area where the pixel value in the binary
image is 255, as a first attention image. For example, if the
binary image is as illustrated in FIG. 5¢, the first extraction
unit 124 extracts three first attention images from the
captured image. For example, in the case where the captured
image is an RGB image, the extracted first attention images
are RGB images, too.

Note that the first extraction unit 124 may extract the first
attention image of the area that has the same shape as the
area of change for each area of change, or may extract an
image of an area enclosed by a frame of the same shape as
the frame of a predetermined shape circumscribing the area
of change, as the first attention image. The shape of the
frame circumscribing the area of change may be, for
example, a rectangle, an ellipse, or any other shape. More-
over, the first extraction unit 124 may extract an image of an
area enclosed by a frame that is larger than the frame
circumscribing the area of change by a predetermined size,
as the first attention area.

The first extraction unit 124 supplies the extracted first
attention image to the area change classification unit 126.
The area in the captured image of the first attention image
extracted by the first extraction unit 124 is also referred to
as “first attention area.” Moreover, the first extraction unit
124 acquires the position information of the first attention
area, associates the position information with the imaging
time, and supplies them to the first relationship generation
unit 140. The position information of the first attention area
may be, for example, the coordinate values of the four
corners of the circumscribing rectangle of the first attention
area or may be represented by the coordinate value of at least
one of the four corners and the width and height of the
circumscribing rectangle. If the circumscribing rectangle is
circular, the position information of the first attention area
may be, for example, the center coordinates of the circle and
the radius of the circle. If the circumscribing rectangle is
elliptic, the position information in the first attention area
may be, for example, the center coordinates of the ellipse
and the major and minor axes of the ellipse.

The second extraction unit 125 receives the binary image,
which is the detection result, from the foreground area
tracking unit 123. Moreover, the second extraction unit 125
acquires the background information 131 used to generate
the binary image from the first storage unit 130. The second
extraction unit 125 may receive the background information
131 together with the binary image from the foreground area
tracking unit 123.

The second extraction unit 125 extracts the image of the
area of change from the background information 131. Spe-
cifically, the second extraction unit 125 extracts the image of
an area on the background information 131 corresponding to
the area where the pixel value is 255 in the binary image, as
the second attention image, by using the background infor-
mation 131, which is background information, and the
binary image. A method of extracting the second attention
image is the same as the method of extracting the first
attention image. The second extraction unit 125 supplies the
extracted second attention image to the area change classi-
fication unit 126. The area on the background information
131 of the second attention image extracted by the second
extraction unit 125 is also referred to as “second attention
area.”
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The area change classification unit 126 classifies a change
related to the product shelf 3 in the area of change and
supplies the classification result to the first relationship
generation unit 140. On the basis of the first attention area
and the second attention area, which have been supplied
from the first extraction unit 124 and the second extraction
unit 125, and the shelf change model 132 stored in the first
storage unit 130, the area change classification unit 126
classifies the change from the state of the image of the area
corresponding to the detected area of change on the back-
ground image to the state of the image of the area corre-
sponding to the area of change on the captured image.

The state of the image means, for example, a state where
the image includes a product or does not include any
product, a state where the image includes a customer or does
not include any customer, a state where the image includes
a shopping basket or does not include any shopping basket,
a state where the image includes a shopping cart or does not
include any shopping cart, or the like. On the basis of the
shelf change model 132, the area change classification unit
126 classifies changes related to the product shelf 3 in the
area of change into the types of changes such as, for
example, “a change caused by that a product is no longer
contained in the product shelf 3,” “a change caused by that
a product is contained anew in the product shelf 3,” “a
change caused by a different appearance of a product dis-
played on the product shelf 3,” “a change caused by the
presence of a person in front of the product shelf 3,” “a
change caused by the presence of a shopping cart in front of
the product shelf 3,” “a change caused by a change in
illumination,” and the like. The types into which the area
change classification unit 126 classifies the changes in the
state of the area of change are illustrative, and not limited
thereto.

For example, “a change caused by that a product is no
longer contained in the product shelf 3” can also be referred
to as “a change caused by a product having been taken,” and
“a change caused by that a product is contained anew in the
product shelf 3” can also be referred to as “a change caused
by a product having been arranged on the product shelf.”
Moreover, for example, “a change caused by a change in
illumination” can also be referred to as “a change in a store
environment of the product shelf.” Furthermore, the area
change classification unit 126 may classify the change in the
product shelf as “a change caused by a different appearance
of'the product.” “A change caused by a different appearance
of the product shelf 3” may be classified in further detail,
such as, for example, as “a change in appearance caused by
a different product having been arranged” or “a change in
appearance caused by a change in product attitude” or the
like.

More specifically, the area change classification unit 126
receives the first attention image from the first extraction
unit 124. Moreover, the area change classification unit 126
receives the second attention image from the second extrac-
tion unit 125. Then, on the basis of the shelf change model
132 stored in the first storage unit 130, the area change
classification unit 126 classifies a change from the state of
the second attention image to the state of the first attention
image corresponding to that second attention image, for
example, as any one of the above-described types. In other
words, the area change classification unit 126 classifies the
change from the state of the second attention image to the
state of the first attention image on the basis of the result of
comparison with the shelf change model 132.

FIG. 6 is an explanatory diagram illustrating an example
of a classification result output from the area change clas-
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sification unit 126. The area change classification unit 126
outputs the classification result 90, for example, illustrated
in FIG. 6.

As illustrated in FIG. 6, the classification result 90
includes, for example, a second attention image 91, a first
attention image 92, and a type of change 93. The classifi-
cation result 90 illustrated in FIG. 6 is an example, and the
classification result 90 may include information other than
the information illustrated in FIG. 6. The classification result
90 may include, for example, information about the captured
image (identifier, imaging time, and the like), information
indicating the position of the first attention image 92 in the
captured image, and the like.

The area change classification unit 126 may classify a
change related to the product shelf 3 as any one of the above
types, for example, by using a machine learning method
(convolutional neural network or the like) in which the shelf
change model 132 is created.

The above is an example of the configuration of the first
change detection unit 120.

The first relationship generation unit 140 receives the
classification result of the area of change and the position
information of the area of change from the first change
detection unit 120. Moreover, the first relationship genera-
tion unit 140 acquires the person information 134 from the
first storage unit 130. Then, on the basis of the imaging time
of the area of change corresponding to the position infor-
mation of the area of change and the imaging time of the
person tied to the person information 134, the first relation-
ship generation unit 140 generates product-and-person rela-
tionship information, which indicates the relationship
between the product corresponding to the area of change
(the change in the display state of the product) and the
person. Thereafter, the first relationship generation unit 140
supplies the generated product-and-person relationship
information to the relationship integration unit 150.

Specifically, out of the persons imaged before the imaging
time for which the area of change was detected, the first
relationship generation unit 140 extracts a person who
intersects with the area of change. Then, the first relationship
generation unit 140 associates the person imaged at the time
closest to the imaging time of the area of change among the
extracted persons with the area of change.

FIG. 7 is an explanatory diagram illustrating an example
of product-and-person relationship information generated by
the first relationship generation unit 140. FIG. 7 illustrates a
camera ID that indicates an ID of the imaging device, a
person ID that indicates a person imaged by the imaging
device, position information of the area of change in the
product shelf, and a classification result of the change. In
FIG. 7, the position information of the area of change is
represented by the coordinate values of one corner of the
circumscribing rectangle of the area of change and the width
and height of the circumscribing rectangle. In addition,
regarding the type of change, “a change caused by a product
having been taken” is represented as “a product decrease,”
and “a change caused by that a product is contained anew in
the product shelf 3” is represented as “a product increase.”

Note that, however, the relationship information may
include the contents themselves classified by the area change
classification unit 126. In that case, the shopping list updat-
ing unit 22 described later determines the contents of the
shopping list to be updated on the basis of the contents of the
classification.

The first relationship generation unit 140 may associate,
for example, the generated person-and-product relationship
information with the person information 134 stored in the
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first storage unit 130 to supply them to the relationship
integration unit 150. Moreover, the first relationship gen-
eration unit 140 may add information about the captured
image (identifier, imaging time, or the like) to the relation-
ship information.

The relationship integration unit 150 receives the product-
and-person relationship information from the first relation-
ship generation unit 140. Then, in the case where the
received relationship information contains relationship
information of the same person, the relationship integration
unit 150 integrates them into one. Thereafter, the relation-
ship integration unit 150 supplies the integrated relationship
information to the shopping list management device 20.

The relationship integration unit 150 calculates the simi-
larity, for example, on the basis of at least one of the color,
dimensions, shape and aspect ratio of the circumscribing
rectangle of the person area stored in the person information
134 of the first storage unit 130. Then, the relationship
integration unit 150 determines that the person areas with
the highest calculated similarity are of the same person. As
described above, the relationship integration unit 150 inte-
grates relationship information determined to be of the same
person.

FIG. 8 is an explanatory diagram illustrating an example
of integrating the product-and-person relationship informa-
tion illustrated in FIG. 7. In the example illustrated in FIG.
8, the relationship information of person ID=1 and that of
person ID=4 illustrated in FIG. 7 are integrated into one. In
addition, the relationship information of person ID=2 and
that of person ID=3 illustrated in FIG. 7 are also integrated.
In other words, FIG. 8 illustrates an example of a case where
a person having the person ID=1 and a person having the
person ID=4 illustrated in FIG. 7 are the same person, and
a person having the person ID=2 and a person having the
person ID=3 illustrated in FIG. 7 are the same person.

In the example illustrated in FIG. 8, as an example of the
integration, two person IDs are compared with each other
before integrating the relationship information and the per-
son ID with the smaller value is used as the person ID of the
relationship information having been integrated, but the
person ID with the larger value may be used. In addition, for
example, the person ID may be re-assigned after integrating
the relationship information. Moreover, the person ID used
when the person identification device 50 described later
identifies a person may be used or identification information
that identifies the terminal 10 carried by a person may be
used.

Further, the relationship integration unit 150 may detect
that the product has been returned to a different location than
the location from which the product was taken, on the basis
of the relationship information. The relationship integration
unit 150 may detect that a product has been returned to a
different location than the location from which the product
was taken, for example, by comparing the location where the
product was acquired with the location to which the product
was returned, or the like.

Hereinafter, the operation of the relationship integration
unit 150 will be specifically described with reference to FI1G.
8. The relationship integration unit 150 compares position
information with the type of change for each person ID. In
the example illustrated in FIG. 7, a person with a person 1D
of 1 acquires a product from the location (10, 0) of the
product shelf imaged by an imaging device with a camera ID
of 1, and then returns the product to the location (250, 300).
In addition, the acquired product and the returned product
both have the width and height of the circumscribing rect-
angle of (30, 50) and are determined to be the same product.
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Thus, the relationship integration unit 150 detects that the
person with the person ID of 1 returned the product to the
same shelf as the shelf where the product was acquired, but
to a different location. A person with a person 1D of 2
returned the same product to the same location as the
location where the product was acquired. Therefore, the
relationship integration unit 150 does not detect this action
as an action by which a product has been returned to a
different location than the location from which the product
was taken.

Thus, the relationship integration unit 150 detects that a
product has been returned to a different location than the
location from which the product was taken, for example, by
detecting that the same person returned the product to a
different location. Note that the relationship integration unit
150 may detect that a product has been returned to a different
location than the location from which the product was taken,
for example, even in the case where the product has been
returned to the same location but the appearance of the
product has changed.

The above is an example of the configurations of the
image processing device 100.

The terminal 10 is a device carried by a customer and is
implemented by, for example, a mobile terminal, a tablet
terminal, or the like. The terminal 10 stores information for
identifying a customer and is used when the person identi-
fication device 50 described later associates the terminal 10
with the customer (person). The terminal 10 may, for
example, display the information for identifying the cus-
tomer as a label (bar code or the like) or may send the
information by near field communication.

In addition, the terminal 10 notifies the customer of
various information in a manner that can be perceived by a
person (display, vibration, light, voice, or the like) in
response to a notification from a notification unit 23
described later. The specific contents of the notification by
the notification unit 23 will be described later.

The person identification device 50 is a device that
identifies a person. In this exemplary embodiment, the
person identification device 50 does not need to identify the
characteristics of a person oneself (for example, gender, age,
height, and the like), as long as the person identification
device 50 is able to identify the person so as to be distin-
guished from other persons. For example, in the example
illustrated in FIG. 8, the person identification device 50 only
needs to able to identify the person with the person ID of 1,
the person with the person ID of 2, and the person with the
person ID of 5 as different persons. The person identification
device 50 is installed, for example, at the entrance to the
store to identify persons.

In this exemplary embodiment, the person identification
device 50 identifies a person on the basis of the captured
image. The method in which the person identification device
50 identifies a person is arbitrary. The person identification
device 50 may acquire information used by the relationship
integration unit 150 described above to calculate the simi-
larity of the person (color, dimensions, shape, and aspect
ratio of the circumscribing rectangle of the person area)
from the image of a person who has entered the store. In
addition, the person identification device 50 may identify the
person by using the acquired information.

Further, the person identification device 50 may associate
the identified person with the device (terminal 10) carried by
the person. Specifically, the person identification device 50
may capture an image of the person when a sensor (not
illustrated) installed at the entrance to the store detects the
terminal 10 and may associate the person identified in the
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captured image with the identification information of the
terminal 10. In this case, the person identification device 50
is implemented by a device including an imaging device and
a sensor. The imaging device and the sensor may be imple-
mented by pieces of hardware different from each other.
Moreover, the device carried by a person is not limited to
hardware such as a mobile phone, but may be a medium such
as, for example, an IC card.

Specifically, the customer may start an application pro-
gram installed in the terminal 10 to display the customer
identification information. When the customer then causes
the person identification device 50 to identify the identifi-
cation information, the person identification device 50 may
associate the person with the terminal 10.

FIG. 9 is a block diagram illustrating a configuration
example of the shopping list management device 20. The
shopping list management device 20 manages a shopping
list for each person. The shopping list management device
20 includes a shopping list generation unit 21, a shopping
list updating unit 22, a notification unit 23, and a shopping
list storage unit 24.

The shopping list storage unit 24 stores the shopping list
for each person. The shopping list storage unit 24 may store
the shopping list with being linked with the person ID
described above, for example. Further, the shopping list
storage unit 24 may store the shopping list with being linked
with an identifier given by the person identification device
50 described above when identifying the person. Moreover,
if the person is linked with the terminal 10, the shopping list
storage unit 24 may store the person and the terminal 10 with
being linked with the shopping list.

The shopping list generation unit 21 generates a shopping
list and registers it in the shopping list storage unit 24. For
example, when the person identification device 50 identifies
a person, the shopping list generation unit 21 may generate
a shopping list that corresponds to the person. Moreover, for
example, when the person identification device 50 associates
the person with the terminal 10, the shopping list generation
unit 21 may generate a shopping list that corresponds to the
person. In this case, the shopping list is linked with the
terminal 10 carried by the person, and therefore the notifi-
cation unit 23, which will be described later, is able to notify
the terminal 10 of changes that occur in the shopping list.

Moreover, in the case where the self-checkout system 1
does not include the person identification device 50 (that is,
in the case where the terminal 10 is not associated with the
shopping list), the shopping list generation unit 21 may
generate a shopping list when the first relationship genera-
tion unit 140 has generated person-and-product relationship
information. In this case, the shopping list generation unit 21
may also integrate the shopping lists when the relationship
integration unit 150 has integrated the relationship informa-
tion. In this manner, the shopping list is managed in asso-
ciation with each person.

Receiving the integrated relationship information from
the relationship integration unit 150, the shopping list updat-
ing unit 22 updates the contents of the shopping list on the
basis of relationship information integrated by the relation-
ship integration unit 150. Specifically, the shopping list
updating unit 22 updates the contents of the shopping list
corresponding to each person on the basis of the classifica-
tion of the change in the product shelf included in the
relationship information and of the shelving information on
the product shelf.

In this exemplary embodiment, the relationship informa-
tion includes the position information of the area of change
in the product shelf and the classification of the change in the
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product shelf. Therefore, the shopping list updating unit 22
specifies the product whose change in the display state is
detected, on the basis of the shelving information on the
product shelf on which the product has been arranged.

The shopping list updating unit 22 may receive only the
relationship information integrated anew (in other words,
difference information) by the relationship integration unit
150 or may receive all of the integrated relationship infor-
mation. In the case of having received the difference infor-
mation, the shopping list updating unit 22 performs an
updating process for the products included in the difference
information with respect to the shopping list that has been
already generated. Moreover, in the case of having received
all of the integrated relationship information, the shopping
list updating unit 22 updates all of the shopping lists of the
person on the basis of the received relationship information.

The shelving information indicates the arrangement posi-
tion of a product prepared in advance for a product shelf of
each store. The shelving information is, for example, infor-
mation in which a product shelf number (row) and a column
number are linked with the name of a product arranged at the
position of the numbers. Further, the position where the
imaging device 2 captures an image is previously linked
with the position of the product shelf for management.
Therefore, the product is able to be specified by linking the
product shelf area of the image captured by the imaging
device 2 with the shelving information.

FIG. 10 is an explanatory diagram illustrating an example
of the shelving information. In the example illustrated in
FIG. 10, it is assumed that an image I1 is captured by a
camera with the camera ID of 1, which is an imaging device.
Shelving information 12 illustrated in FIG. 10 represents
products arranged in the range specified by a row and a
column of the product shelf. For example, it is assumed that
the position information of a product 13 included in the
image I1 matches position information in the first row of the
relationship information illustrated in FIG. 8 (specifically,
position information (10, 0, 30, 50)). In this case, the
shopping list updating unit 22 specifies the product 13 as a
product a linked with the first column of the first row of the
shelving information 12.

Furthermore, as described above, the relationship infor-
mation includes a classification result of the area of change
in the product shelf. In other words, the classification of the
change in the product shelf can be specified from the
relationship information. Therefore, the shopping list updat-
ing unit 22 specifies a product whose change is classified as
a change in the product shelf that is a result of a person
having picked up the product, on the basis of the shelving
information on the product shelf on which the product has
been arranged. Then, the shopping list updating unit 22
performs a registration process for registering the specified
product on the shopping list that corresponds to the person.
In the above example, the change in the product shelf caused
by the person having picked up the product corresponds to
“a change caused by a product having been taken” and the
type of change corresponds to “a product decrease.”

The shopping list updating unit 22 performs a process of
registering a product on a shopping list corresponding to a
person as a registration process for registering the product
on the shopping list. Moreover, the shopping list updating
unit 22 may cause the notification unit 23 described later to
notify the terminal 10 of information that the product has
been registered as a registration process. At that time, the
notification unit 23 may inquire the customer via the termi-
nal 10 on whether a correct product has been added to the
shopping list.
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Furthermore, the shopping list updating unit 22 specifies
the product whose change is classified as “a change in the
product shelf that is a result of the person having returned
the product” on the basis of the shelving information on the
product shelf on which the product has been arranged. Then,
the shopping list updating unit 22 performs a deletion
process for deleting the specified product from the shopping
list that corresponds to the person. The change in the product
shelf that is a result of the person having returned the
product corresponds to “a change caused by a product
having been arranged on the product shelf” and the type of
change corresponds to “a product increase.”

The shopping list updating unit 22 performs a process of
deleting the product from the shopping list corresponding to
the person as a deletion process for deleting the product from
the shopping list. Further, the shopping list updating unit 22
may cause the notification unit 23 described later to notify
the terminal 10 of information that the product has been
deleted as a deletion process. At that time, the notification
unit 23 may inquire the customer via the terminal 10 on
whether a correct product has been deleted from the shop-
ping list.

Furthermore, instead of immediately deleting the product
from the shopping list, the shopping list updating unit 22
may set a delete flag for identifying the product that has been
returned to a different location than the location from which
the product was taken to a target product included in the
shopping list, as a deletion process. Then, the shopping list
updating unit 22 may cause the notification unit 23, which
will be described later, to notify the terminal 10 of infor-
mation that the delete flag has been set. At that time,
similarly, the notification unit 23 may inquire of the cus-
tomer via the terminal 10 on whether or not the product with
the delete flag set is a product to be deleted. Then, the
shopping list updating unit 22 may receive an instruction
indicating whether or not to delete the product with the
delete flag set, via the terminal 10 carried by the notified
person, and may delete the product from the shopping list in
the case of receiving an instruction of deleting the product.

Moreover, the shopping list updating unit 22 may cause
the notification unit 23 to send the shopping list to the
terminal 10 with each updating the contents of the shopping
list.

The notification unit 23 notifies the terminal 10 of the
information on the shopping list. As described above, the
notification unit 23 may notify the terminal 10 of the product
registration and deletion and the setting of a delete flag,
according to the process of the shopping list updating unit
22.

Furthermore, the notification unit 23 may notify the
payment device 40, which will be described later, that a
payment process will be stopped in the case where there is
a product with a delete flag set in the shopping list. This
notification prevents an unapproved product from being paid
for.

The output device 30 outputs the contents of the shopping
list. The output device 30 is installed, for example, near the
payment device 40, which will be described later, and may
output the contents of the shopping list at the time of the
payment process. If the contents of the shopping list are able
to be output to the terminal 10, the self-checkout system 1
does not need to include output device 30. The output device
30 may be, for example, a display device such as a display
or may be a POS (point of sales) terminal. In addition, the
output device 30 is not limited thereto, but may be, for
example, a speaker or a mobile terminal.
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The payment device 40 performs a payment process on
the basis of the contents of the shopping list. For example,
in the case where the shopping list is associated with the
terminal 10, the payment device 40 may notify the terminal
10 associated with the shopping list of the total amount to
perform the payment process. The method in which the
payment device 40 makes a payment via the personal
terminal 10 is widely known, and therefore a detailed
description is omitted here.

On the other hand, in the case where the shopping list is
not associated with the terminal 10, the payment device 40
may cause the output device 30 to display the contents of the
shopping list and the total amount to accept the payment
process such as a deposit from a customer, a card payment,
or the like. Since payment methods based on deposits and
card payments are also widely known, a detailed description
is omitted here.

In the case of receiving a notification that the payment
process is stopped (specifically, a notification that a product
with a delete flag set remains) from the notification unit 23
described above, the payment device 40 may stop the
payment process based on the shopping list and display
various alerts. The payment device 40 may notify, for
example, the terminal 10 of a fact that the delete flag
remains. Furthermore, the payment device 40 may prompt
the customer for confirmation by displaying the product with
the delete flag set on the output device 30 or audibly guiding
the product with the output device 30.

The image processing device 100 (more specifically, the
first acquisition unit 110, the first change detection unit 120,
the first relationship generation unit 140, and the relation-
ship integration unit 150) is implemented by the CPU of a
computer that operates according to a program. For
example, the program is stored in a storage unit (not
illustrated) included in the image processing device 100, and
the CPU may read the program to operate as the first
acquisition unit 110, the first change detection unit 120, the
first storage unit 130, the first relationship generation unit
140, and the relationship integration unit 150 according to
the program.

Moreover, the first acquisition unit 110, the first change
detection unit 120, the first storage unit 130, the first
relationship generation unit 140, and the relationship inte-
gration unit 150 included in the image processing device 100
may be each implemented by dedicated hardware.

The shopping list management device 20 (more specifi-
cally, the shopping list generation unit 21, the shopping list
updating unit 22, and the notification unit 23) is also
implemented by the CPU of the computer that operates
according to the program. For example, the program is
stored in a storage unit (not illustrated) included in the
shopping list management device 20, and the CPU may read
the program to operate as the shopping list generation unit
21, the shopping list updating unit 22, and the notification
unit 23 according to the program. The shopping list genera-
tion unit 21, the shopping list updating unit 22, and the
notification unit 23 included in the shopping list manage-
ment device 20 may be each implemented by dedicated
hardware.

Subsequently, the operation of the image processing
device 100 of this exemplary embodiment will be described
with reference to FIG. 11. FIG. 11 is a flowchart illustrating
an example of operation of the image processing device 100
of this exemplary embodiment.

The first acquisition unit 110 acquires a captured image,
which is an RGB image, from the video signal of the imaged
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product shelf 3 (step S1001). The first acquisition unit 110
supplies the captured image to the first change detection unit
120.

The foreground area detection unit 121 of the first change
detection unit 120 uses the captured image, which is the
RGB image supplied from the first acquisition unit 110, and
the background information 131, which is the RGB image
stored in the first storage unit 130, to detect the area changed
between the two RGB images as an area of change (fore-
ground area) (step S1002). Then, the foreground area detec-
tion unit 121 supplies the detection result of the area of
change to the background information updating unit 122 and
to the foreground area tracking unit 123. The foreground
area detection unit 121 generates, for example, a binary
image, in which the pixel value of the detected area of
change is 255 and the pixel value of other areas is 0, and
supplies the binary image to the background information
updating unit 122 and to the foreground area tracking unit
123, as the detection result of the area of change.

The foreground area detection unit 121 stores the fore-
ground information 133 in the first storage unit 130 (step
S1003). As described above, the foreground information 133
is the detection result associated with the imaging time.

The foreground area tracking unit 123 tracks the area of
change on the basis of the detection result supplied from the
foreground area detection unit 121 and of the foreground
information 133 (step S1004). The foreground area tracking
unit 123 supplies the binary image representing the area of
change that has been tracked for a predetermined time or
longer to the first extraction unit 124 and to the second
extraction unit 125. The foreground area tracking unit 123
supplies an update signal indicating an update of the back-
ground information 131 to the background information
updating unit 122.

In the case where the moving distance of the area of
change is equal to or more than a predetermined threshold as
the tracking result, the foreground area tracking unit 123
determines that the object included in the area of change is
a moving body and extracts the determined area of change
as a person area. Thereafter, the foreground area tracking
unit 123 associates the predetermined information with the
person area and stores it as the person information 134 in the
first storage unit.

The background information updating unit 122 updates
the background information 131 on the basis of the captured
image supplied from the first acquisition unit 110, the
detection result of the area of change supplied from the
foreground area detection unit 121, the background infor-
mation 131, and the update signal supplied from the fore-
ground area tracking unit 123 (step S1005). Note that step
S1005 may be performed at an arbitrary timing after step
S1004.

The first extraction unit 124 extracts, as a first attention
image, the image of an area corresponding to the area of
change (first attention area) indicated by the detection result
in the captured image on the basis of the captured image
supplied from the first acquisition unit 110 and the detection
result related to the captured image supplied from the
foreground area tracking unit 123 (step S1006). The first
extraction unit 124 supplies the extracted first attention
image to the area change classification unit 126.

The second extraction unit 125 extracts a second attention
image from the background information 131 by a similar
operation as the first extraction unit 124 on the basis of the
detection result supplied from the foreground area tracking
unit 123 and the background information 131 used to obtain
the detection result, which has been acquired from the first
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storage unit 130 (step S1007). The second extraction unit
125 supplies the extracted second attention image to the area
change classification unit 126. Note that step S1006 and step
S1007 may be performed simultaneously or in reverse order.

The area change classification unit 126 classifies a change
related to the product shelf 3 on the basis of the first attention
image supplied from the first extraction unit 124, the second
attention image supplied from the second extraction unit
125, and the shelf change model 132 stored in the first
storage unit 130 (step S1008). Specifically, the change
related to the product shelf 3 is a change from the state in the
second attention image to the state in the first attention
image.

The first relationship generation unit 140 receives the
classification result of the area of change and the position
information of the area of change from the area change
classification unit 126 of the first change detection unit 120.
Moreover, the first relationship generation unit 140 acquires
the person information 134 from the first storage unit 130.
Then, the first relationship generation unit 140 extracts a
person who intersects with the area of change from the
persons imaged at the time before the imaging time when the
area of change was detected. Thereafter, the first relationship
generation unit 140 associates the person, which has been
imaged at the time closest to the imaging time of the area of
change among the extracted persons, with the area of change
(step S1009). Thereby, the first relationship generation unit
140 generates relationship information.

The relationship integration unit 150 receives the product-
and-person relationship information from the first relation-
ship generation unit 140, and if there is relationship infor-
mation of the same person, the relationship integration unit
150 integrates the relationship information into one. The
relationship integration unit 150 calculates the similarity on
the basis of, for example, at least one of the color, dimen-
sions, shape, and aspect ratio of the circumscribing rectangle
of'the person area stored in the person information 134 in the
first storage unit 130. Then, the relationship integration unit
150 determines that the person areas with the highest
calculated similarity are of the same person. Thereafter, the
relationship integration unit 150 integrates the relationship
information including the persons determined to be the same
person into one (step S1010).

The image processing device 100 determines whether the
first acquisition unit 110 has received the next video signal
(whether there is the next captured image) (step S1011). If
there is the next captured image (YES in step S1011), the
process proceeds to step S1001. On the other hand, if there
is no next captured image (NO in step S1011), the image
processing device 100 ends the operation.

Subsequently, the operation of the self-checkout system 1
of this exemplary embodiment will be described with ref-
erence to FIG. 12. FIG. 12 is a flowchart illustrating an
example of operation of the self-checkout system 1 of the
first exemplary embodiment. First, when a customer (per-
son) visits the store, the person identification device 50
identifies the person and associates the person with the
terminal 10 (step S1101). Moreover, the shopping list gen-
eration unit 21 generates a shopping list that corresponds to
the person (step S1102). After the customer enters the store,
the imaging device 2 acquires a captured image (step
S1103). The image processing device 100 detects the area of
change in the product shelf on the basis of the captured
image (step S1104). Then, the image processing device 100
classifies the change in the product shelf in the detected area
of change (step S1105). The image processing device 100
updates the shopping list corresponding to the person on the
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basis of the classification of the change in the product shelf
and of the shelving information on the product shelf (step
S1106).

Thereafter, the payment device 40 performs the payment
process on the basis of the contents of the shopping list (step
S1107).

As described above, in this exemplary embodiment, the
first change detection unit 120 (more specifically, the fore-
ground area detection unit 121) detects the area of change in
the product shelf from the video of the captured product
shelf. Further, the first change detection unit 120 (more
specifically, the area change classification unit 126) classi-
fies the change in the product shelf in the detected area of
change. Then, the shopping list updating unit 22 generates
the shopping list for the customer on the basis of the
classification of the change in the product shelf and of the
shelving information on the product shelf. Therefore, prod-
ucts purchased by customers can be properly managed
without preparing images of individual products in advance.

Moreover, for example, in a generally known background
difference method, it is only necessary to define information
not to be detected on the background in order to detect other
information, by which it is unnecessary to collect reference
images of physical objects in advance. There are, however,
a plurality of changes in the product shelf detected as image
differences. Therefore, in the case where only the general
background difference method is used, changes in the prod-
uct shelf cannot be accurately recognized.

For example, all of the changes caused by that “the
product was taken,” “the product has been arranged
(added),” “the appearance or position has changed” after the
product was picked up once and then returned, “the illumi-
nation has changed,” and the like are detected as changes in
the product shelf. A change, however, caused by that “the
product was taken” indicates that the products on the prod-
uct shelf have decreased, and a change caused by that “the
product has been arranged (added)” indicates that the prod-
ucts on the product shelf have increased. In addition,
changes caused by that “the appearance or position has
changed” or “the illumination has changed” do not indicate
that the products on the product shelf have increased or
decreased.

Therefore, the type of change in the product shelf detected
as an image difference cannot be specified only by using the
general technique, which leads to a problem that the display
state of products cannot be accurately grasped.

In this exemplary embodiment, however, the area change
classification unit 126 classifies the change in the product
shelf in the detected area of change. Specifically, the area
change classification unit 126 uses the shelf change model
132, which is a model of a change in the product shelf 3
depending on before and after a time change, to classify the
change in the product shelf from the images of the area of
change. This shelf change model 132 enables classification
of changes into: a change caused by a product having been
taken; a change in a store environment of the product shelf;,
a change caused by a product having been arranged on the
product shelf; a change caused by a different appearance of
the product; and the like. As a result, the image processing
device 100 is able to more accurately determine the state of
the product shelf 3 such as whether the product has been
taken or the product shelf 3 has been refilled.

Furthermore, the image processing device 100 of this
exemplary embodiment is able to detect that a product has
been returned to a different location than the location from
which the product was taken, as described above. For
example, if a product has been returned to a different
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location than the location from which the product was taken,
such as in a case where a refrigerated product is returned to
a shelf at room temperature, a sales opportunity loss or a
product disposal loss occurs, which greatly affects store
sales. Therefore, when such a situation occurs, it is prefer-
able to promptly perform a product management work to
eliminate the situation. The use of the image processing
device 100 of this exemplary embodiment enables a reduc-
tion in the occurrence of the sales opportunity loss and the
product disposal loss caused by products being returned to
different locations than the locations from which the prod-
ucts were taken.

In this exemplary embodiment, there has been described
a case where the imaging device 2 images the product shelf
3. The target to be imaged by the imaging device 2, however,
is not limited to the product shelf 3. The imaging device 2
may image, for example, products stacked on a wagon.
Specifically, the captured image captured by the imaging
device 2 may be a captured image of products stacked on a
wagon. The image processing device 100 may detect the
area of change by comparing the captured image of the
products stacked on the wagon with the background image.
As described above, the image processing device 100 is able
to use the captured image of products displayed in various
display methods, without limiting the captured image to an
image of products displayed on the product shelf so that all
faces of the products can be seen.

Exemplary Embodiment 2

Subsequently, a second exemplary embodiment of the
present invention will be described. In the second exemplary
embodiment, description will be made on a self-checkout
system 1 that monitors product shelves 3 by acquiring
different types of images with a plurality of imaging devices
2. In this exemplary embodiment, description will be made
on a case where a plurality of imaging devices 2 acquire
RGB images and range images. The imaging devices 2 may
be, for example, an RGB camera that acquires an RGB
image and a depth camera that acquires a range image.

In this case, the RGB camera and the depth camera are
placed in positions close to each other to image the same
target (product shelf 3). In addition, the RGB camera and the
depth camera are time-synchronized with each other, and it
is preferable to image the product shelf 3 at approximately
the same time. In other words, the depth camera is preferably
a camera that outputs a range image of the imaging range of
the RGB image within a predetermined time from the time
at which the RGB image is captured by the RGB camera.
The imaging device 2 may also be a sensor that is able to
acquire multiple types of images (for example, an RGB
image and a range image). The imaging device 2 may be, for
example, an RGBD camera.

The image processing device 200 in this exemplary
embodiment is communicatively connected to a terminal 10,
an imaging device 2, a shopping list management device 20,
an output device 30, a payment device 40, and a person
identification device 50, similarly to the image processing
device 100 illustrated in FIG. 1 and described in the first
exemplary embodiment. The terminal 10, the shopping list
management device 20, the output device 30, the payment
device 40, and the person identification device 50 of this
exemplary embodiment are the same as those of the first
exemplary embodiment.

FIG. 13 is an explanatory diagram illustrating a configu-
ration example of the image processing device 200. The
image processing device 200 of this exemplary embodiment
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includes a first acquisition unit 110, a second acquisition unit
210, a second change detection unit 220, a second storage
unit 230, a second relationship generation unit 240, and a
relationship integration unit 150. As described above, the
image processing device 200 includes the second acquisition
unit 210 in addition to the configuration of the image
processing device 100. Moreover, the image processing
device 200 includes the second change detection unit 220,
the second storage unit 230, and the second relationship
generation unit 240, instead of the first change detection unit
120, the first storage unit 130, and the first relationship
generation unit 140 of the image processing device 100.

In the above, the same reference numerals are given to the
elements having the same functions as the elements included
in the drawings described in the first exemplary embodiment
described above. The characteristic configuration of this
exemplary embodiment will be described below.

FIG. 14 is block diagram illustrating a configuration
example of the second change detection unit 220 and the
second storage unit 230. As illustrated in FIG. 14, the second
change detection unit 220 includes a foreground area detec-
tion unit 121, a background information updating unit 122,
a foreground area tracking unit 123, a first extraction unit
124, a second extraction unit 125, an area change classifi-
cation unit 126, and a distance information updating unit
127. In addition, the second storage unit 230 stores back-
ground information 131, a shelf change model 132, fore-
ground information 133, person information 134, and dis-
tance information 135.

The first acquisition unit 110 acquires a captured image
that is an RGB image, similarly to the first exemplary
embodiment. Hereinafter, the captured image, which is the
RGB image acquired by the first acquisition unit 110, is
referred to as “first captured image.”

Similarly to the first acquisition unit 110, the second
acquisition unit 210 receives a video signal indicating the
captured image obtained by the imaging device 2 by imag-
ing the product shelf 3 and acquires a range image from the
video signal. The second acquisition unit 210 receives a
video signal of a different type from the type of the video
signal acquired by the first acquisition unit 110. For
example, in the case where the video signal acquired by the
first acquisition unit 110 is a video signal representing an
RGB image, the second acquisition unit 210 acquires a video
signal representing a range image. Note that the term “range
image” may mean, for example, an image with a value of the
distance from the imaging device 2 to the physical object.
Moreover, each pixel in the range image may be represented
by a value of 0 to 255, for example. At this time, the value
of each pixel (in other words, a distance value) may be close
to 0 if the physical object is close to, for example, the
imaging device 2, and may be close to 255 if the physical
object is far from the imaging device 2. The value of each
pixel in the range image is not limited thereto. In this
exemplary embodiment, description will be made assuming
that the captured image acquired by the second acquisition
unit 210 is a grayscale range image.

Similarly to the first acquisition unit 110, the second
acquisition unit 210 may acquire a video signal converted on
the basis of the captured image stored inside the imaging
device 2 or stored in a storage device different from the
imaging device 2 and the image processing device 100.
Further, in the case where the image processing device 100
is built in the imaging device 2, the second acquisition unit
210 may acquire the captured image itself.

The second acquisition unit 210 converts the acquired
video signal to a range image representing the video signal
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and supplies the range image to the first extraction unit 124,
the second extraction unit 125, and the distance information
updating unit 127. The range image obtained by converting
the video signal with the second acquisition unit 210 or the
captured image acquired from the imaging device 2 will be
hereinafter referred to as “second captured image.”

The first acquisition unit 110 and the second acquisition
unit 210 may be integrally formed. The first captured image
and the second captured image are associated with each
other on the basis of information indicating the imaging
position and the imaging time.

The second storage unit 230 of this exemplary embodi-
ment stores the distance information 135. The distance
information 135 will be described later.

The first extraction unit 124 extracts the image of the area
of change from the second captured image. Specifically, the
first extraction unit 124 uses the second captured image,
which is the range image supplied from the second acqui-
sition unit 210, and the binary image, which is the detection
result supplied from the foreground area detection unit 121,
to extract the image of the area in the second captured image
corresponding to the area with a pixel value of 255 in the
binary image as a first attention image. The first extraction
unit 124 may extract the first attention image in the same
manner as in the first exemplary embodiment. Then, the first
extraction unit 124 supplies the extracted first attention
image to the area change classification unit 126.

The second extraction unit 125 extracts the image of the
area of change from a range image obtained before the
imaging time of the range image, which is the second
captured image associated with the first captured image used
by the foreground area detection unit 121 to generate the
binary image. Specifically, the second extraction unit 125
receives the binary image, which is a detection result, from
the foreground area detection unit 121. The second extrac-
tion unit 125 acquires distance information 135, which is the
second captured image captured before the imaging time of
the first captured image used to generate the binary image,
from the second storage unit 230. The distance information
135 is the second captured image updated by the second
acquisition unit 210, which will be described later, and is the
range image acquired by the second acquisition unit 210.
The distance information 135 is associated with the imaging
time. Since the first captured image and the second captured
image are time-synchronized with each other as described
above, the imaging time of the first captured image and the
imaging time of the second captured image, which is asso-
ciated with the first captured image, are almost the same.
Therefore, it can be said that the second extraction unit 125
extracts the image of the area of change as a second attention
image, from the (past) second captured image captured
before the second captured image for which the first extrac-
tion unit 124 performs the extraction process.

Note that the second extraction unit 125 extracts the
second attention image in the same method as the method in
which the first extraction unit 124 extracts the first attention
image. The second extraction unit 125 supplies the extracted
second attention image to the area change classification unit
126.

The distance information updating unit 127 updates the
distance information 135 on the basis of the range image
supplied from the second acquisition unit 210 and the
distance information 135 stored in the second storage unit
230. The distance information updating unit 127 may update
the distance information 135, for example, by the same
operation as the operation of the background information
updating unit 122.
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The area change classification unit 126 classifies the
change related to the product shelf 3 in the area of change
on the basis of the distance information 135 in the area of
change. First, the area change classification unit 126
receives the first attention image from the first extraction
unit 124. Moreover, the area change classification unit 126
receives the second attention image from the second extrac-
tion unit 125. The area change classification unit 126 clas-
sifies the change related to the product shelf 3 in the area of
change on the basis of the first attention image and the
second attention image.

The area change classification unit 126 may classify the
change, for example, on the basis of a calculation result
obtained by subtracting the value (distance value) of each
pixel in the second attention image from the value (distance
value) of each pixel in the first attention image. For example,
in the case where the calculation result is a value equal to or
more than a first predetermined threshold, in other words, in
the case where the physical object included in the first
attention image is deeper than the physical object included
in the second attention image, the area change classification
unit 126 may classify the change related to the product shelf
3 in the area of change as “a change caused by that a product
is no longer contained in the product shelf 3” (“a change
caused by a product having been taken”). Further, for
example, in the case where the calculation result is a value
equal to or less than a second predetermined threshold, in
other words, in the case where the physical object included
in the first attention image is closer to the imaging device 2
than the physical object included in the second attention
image is, the area change classification unit 126 may classify
the change related to the product shelf 3 in the area of change
as “a change caused by that a product is contained anew in
the product shelf 3.” In addition, in other cases, the area
change classification unit 126 may classify the change
related to the product shelf 3 in the area of change as “a
change caused by a different appearance of a product dis-
played on the product shelf 3” or “a change caused by a
change in illumination.”

In addition, the area change classification unit 126 may,
for example, cluster the distance value of each pixel in the
first attention image and the distance value of each pixel in
the second attention image to define the distance value of the
class with the largest number of elements as a distance value
that represents each attention image and further may obtain
the coordinates of the cluster of the class of each attention
image. Then, for example, in the case where the absolute
value of the difference between the distance values repre-
senting the respective attention images is within a third
predetermined threshold and the difference between the
coordinates of the clusters of the classes of the respective
attention images is equal to or more than a fourth predeter-
mined threshold, the area change classification unit 126 may
classify the change related to the product shelf 3 in the area
of change as “a change caused by a different appearance of
a product displayed on the product shelf 3.”

Further, the area change classification unit 126 may use,
for example, a result of subtracting the distance value
representing the first attention image from the previously-set
value of a distance from the imaging device 2 to the product
shelf 3 to classify the change related to the product shelf 3
in the area of change as a type related to a change in a
product displayed on the product shelf 3 or a type related to
a change caused by an object other than the product dis-
played on the product shelf 3. For example, if the above
result is a positive value, in other words, if the physical
object included in the image of the area of change in the
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captured image is present between the imaging device 2 and
the product shelf 3, then the area change classification unit
126 may classify the change related to the product shelf 3 in
that area of change as the type related to “a change caused
by an object other than a product displayed on the product
shelf 3.” The type related to “a change caused by an object
other than a product displayed on the product shelf 3” is at
least one of, for example, “a change caused by the presence
of'a person in front of the product shelf 3,” “a change caused
by the presence of a shopping cart in front of the product
shelf 3,” and “a change caused by the presence of a person
and a shopping basket in front of the product shelf 3.”
Moreover, if the above result is not a positive value, the area
change classification unit 126 may classify the change
related to the product shelf 3 in that area of change as the
type related to “a change in a product displayed on the
product shelf 3.” In this manner, the area change classifica-
tion unit 126 is able to reduce the processing cost of the
classification process by performing the classification pro-
cess by using the first attention image and the preset distance
values.

The image processing device 200 (more specifically, the
first acquisition unit 110, the second acquisition unit 210, the
second change detection unit 220, the second relationship
generation unit 240, and the relationship integration unit
150) is implemented by the CPU of a computer that operates
according to a program.

The above is an example of a characteristic configuration
of the image processing device 200.

Subsequently, the operation of the image processing
device 200 of this exemplary embodiment will be described
with reference to FIG. 15. FIG. 15 is a flowchart illustrating
an example of operation of the image processing device 200
of this exemplary embodiment.

The first acquisition unit 110 acquires the first captured
image, which is an RGB image, from the video signal
obtained by imaging the product shelf 3 (step S2001). The
second acquisition unit 210 acquires the second captured
image, which is a range image, from the video signal
obtained by imaging the product shelf 3 (step S2002). The
imaging time of the second captured image is within a
predetermined time from the time at which the first captured
image is captured, and the imaging range of the second
captured image has only to be the imaging range of the first
captured image. The timing at which the second acquisition
unit 210 acquires the second captured image has only to be
before step S2005.

The foreground area detection unit 121 detects the area of
change (step S2003), and the background information updat-
ing unit 122 updates the background information 131 (step
S2004). The first extraction unit 124 extracts an image of the
area (first attention area) corresponding to the area of change
indicated by the detection result in the second captured
image, as a first attention image, on the basis of the second
captured image supplied from the second acquisition unit
210 and of the detection result supplied from the foreground
area detection unit 121 (step S2005). The first extraction unit
124 supplies the extracted first attention image to the area
change classification unit 126.

The second extraction unit 125 extracts the second atten-
tion image from the distance information 135 by the same
operation as the operation of the first extraction unit 124, on
the basis of the detection result supplied from the foreground
area detection unit 121 and of the distance information 135
indicating the second captured image captured before the
imaging time of the second captured image supplied to the
first extraction unit 124, which has been acquired from the
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second storage unit 230 (step S2006). The second extraction
unit 125 supplies the extracted second attention image to the
area change classification unit 126. Note that step S2005 and
step S2006 may be performed simultaneously or in reverse
order. Then, the area change classification unit 126 classifies
the change related to the product shelf 3 in the area of change
on the basis of a result of comparison between the value of
each pixel in the first attention image and the value of each
pixel in the second attention image (step S2007). The
distance information updating unit 127 updates the distance
information 135 on the basis of the second captured image
supplied from the second acquisition unit 210 and of the
distance information 135 (step S2008).

Hereinafter, the image processing device 200 performs
the same processes as the processes of steps S1009 to S1010
illustrated in FIG. 11, by which the second relationship
generation unit 240 generates the relationship (step S2009)
and the relationship integration unit 150 integrates relation-
ship information (step S2010).

The image processing device 200 determines whether the
first acquisition unit 110 and the second acquisition unit 210
have received the next video signals (whether there are the
next captured images) (step S2011). If the next captured
images are present (YES in step S2011), the process pro-
ceeds to step S2001. On the other hand, unless the next
captured images are present (NO in step S2011), the image
processing device 200 ends the operation.

As described above, in the exemplary embodiment, the
foreground area detection unit 121 detects the area of change
in the product shelf on which the product has been arranged,
on the basis of the RGB image and of the range image,
which has been obtained by imaging the imaging range of
the RGB image, as the captured images of the product.
Therefore, the change in the product shelf can be determined
more accurately, thereby enabling products purchased by
customers to be managed more properly.

Exemplary Embodiment 3

Subsequently, a third exemplary embodiment of the pres-
ent invention will be described. In the third exemplary
embodiment, description will be made on the configuration
of the image processing device 100 described in the first
exemplary embodiment and further made on an image
processing device 300 having a configuration for generating
a flow line data of a customer. As will be described later, the
image processing device 300 uses the generated flow line
data to generate relationship information. Thus, the flow line
data of customers can be acquired more accurately, thereby
enabling products purchased by customers to be managed
properly.

FIG. 16 is an explanatory diagram illustrating a configu-
ration example of the third exemplary embodiment of the
self-checkout system according to the present invention. A
self-checkout system 4 of this exemplary embodiment
includes an imaging device 5 that images an aisle in a store
similarly to a general security camera, in addition to the
imaging device 2 that images a product shelf 3. Furthermore,
similarly to the imaging device 2, the imaging device 5 is
communicatively connected to a terminal 10, a shopping list
management device 20, an output device 30, a payment
device 40, a person identification device 50, and an image
processing device 300 via a network N. The terminal 10, the
imaging device 2, the shopping list management device 20,
the output device 30, the payment device 40, and the person
identification device 50 of this exemplary embodiment are
the same as those of the first exemplary embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

32

The imaging device 5 is a security camera installed in, for
example, a store or the like. The imaging device 5 is installed
at a position, for example, where each aisle in the store can
be imaged. The configuration of the imaging device 5 may
be the same as the configuration of the imaging device 2.

The self-checkout system 4 may have one imaging device
5 or a plurality of imaging devices 5. In other words, the
self-checkout system 4 may image each aisle in the store
with one imaging device 5, or may image respective aisles
in the store with a plurality of imaging devices 5. In this
exemplary embodiment, description will be made on a case
where the self-checkout system 4 has an imaging device 2
and another imaging device 5. The self-checkout system 4,
however, may acquire flow line data of a customer on the
basis of captured images captured by a plurality of imaging
devices 2. Specifically, the self-checkout system 4 may
acquire the flow line data of the customer on the basis of the
captured images of the product shelves 3 captured by the
plurality of imaging devices 2.

The image processing device 300 generates flow line data
indicating a customer’s moving path in the store from the
RGB image captured by the imaging device 5. Then, the
image processing device 300 generates product-and-person
relationship information on the basis of the generated flow
line data and the area of change of the product shelf 3.

FIG. 17 is a block diagram illustrating a configuration
example of the image processing device 300. As illustrated
in FIG. 17, the image processing device 300 of this exem-
plary embodiment includes a first acquisition unit 110, a first
change detection unit 120, a first storage unit. 130, a first
relationship generation unit 340, a third acquisition unit 310,
a flow line data generation unit 320, and a relationship
integration unit 150. In this manner, the image processing
device 300 of this exemplary embodiment includes the first
relationship generation unit 340, instead of the first relation-
ship generation unit 140 of the image processing device 100.
Furthermore, the image processing device 300 includes the
third acquisition unit 310 and the flow line data generation
unit 320 in addition to the configuration of the image
processing device 100.

In the above, the same reference numerals are given to the
elements having the same functions as the elements included
in the drawings described in the first exemplary embodiment
and the second exemplary embodiment described above.
The characteristic configuration of this exemplary embodi-
ment will be described below.

The third acquisition unit 310 acquires an RGB image
from the imaging device 5 and supplies the RGB image to
the flow line data generation unit 320 by the same operation
as in the first acquisition unit 110. The RGB image acquired
by the third acquisition unit 310 is an image of an aisle in the
store, similarly to a general security camera.

The flow line data generation unit 320 uses the RGB
image captured by at least one imaging device 5 to generate
flow line data of a person in the store. The flow line data
generated by the flow line data generation unit 320 is
information including, for example, a person ID used to
identify a customer, and the product shelf 1D, which is an
identifier of the product shelf 3 that the customer visited. The
method in which the flow line data generation unit 320
generates flow line data is not particularly limited. The flow
line data generation unit 320 may generate flow line data by
using, for example, the method described in PTL 2. In other
words, the flow line data generation unit 320 performs face
recognition of persons to detect persons, from which the
same data is acquired, as the same person or extracts
information indicating the characteristics of customers such
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as clothes to detect the same person in order to identity the
customers in the captured image. Furthermore, the flow line
data generation unit 320 determines that the customer has
visited the product shelf 3 by using criteria such that the
customer stays in front of the product shelf 3 for a certain
period of time, that a distance between the customer and the
product shelf 3 is equal to or less than a predetermined
distance, or the like. Then, the flow line data generation unit
320 generates flow line data by linking the person ID for
identifying the customer with the product shelf ID of the
product shelf visited by the customer. Note that the flow line
data generation unit 320 may generate flow line data by
using a method other than those exemplified above.

FIG. 18 is an explanatory diagram illustrating an example
of flow line data generated by the flow line data generation
unit 320. The flow line data illustrated in FIG. 18 includes
a person ID that indicates a person, a product shelf ID
indicating the product shelf visited by the person, and a
camera ID indicating the imaging device that is imaging the
product shelf. The example in FIG. 18 illustrates that three
persons visited a product shelf A and that a person with a
person ID of 1 and a person with a person ID of 2 visited the
product shelf A twice. Although the time when a person
visited the product shelf is not specified in the example
illustrated in FIG. 18, the flow line data may include the time
when each product shelf was visited. The example in FIG.
18 illustrates that product shelf A is visited in order from the
top row and from the oldest.

The flow line data generation unit 320 generates flow line
data as illustrated in FIG. 18, for example. Then, the flow
line data generation unit 320 associates the generated flow
line data with the time of the captured image of the flow line
data and supplies them to the first relationship generation
unit 340. In other words, the flow line data generation unit
320 supplies the first relationship generation unit 340 with
the time when each person in the flow line data visited each
product shelf included in the flow line data.

The first relationship generation unit 340 receives the
classification result of an area of change and the position
information of the area of change from the first change
detection unit 120. Further, the first relationship generation
unit 340 acquires flow line data from the flow line data
generation unit 320. Then, the first relationship generation
unit 340 generates product-and-person relationship informa-
tion corresponding to the area of change on the basis of the
imaging time of the area of change tied to the position
information of the area of change and the imaging time tied
to the flow line data. Thereafter, the first relationship gen-
eration unit 340 supplies the generated product-and-person
relationship information to the relationship integration unit
150.

Specifically, the first relationship generation unit 340
associates the area of change with a person who visited the
product shelf at the time closest to the imaging time of the
area of change from the flow line data generated at the time
before the imaging time when the area of change was
detected.

FIG. 19 is an explanatory diagram illustrating an example
of product-and-person relationship information generated by
the first relationship generation unit 340. FIG. 19 illustrates
the camera ID that indicates an ID of an imaging device, the
person ID that indicates a person imaged by the imaging
device, the product shelf ID that indicates a product shelf,
the position information of the area of change of that product
shelf, and a classification result of the change.

As described above, the first relationship generation unit
340 generates relationship information by using flow line
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data, instead of the person information 134. Note that the
first relationship generation unit 340 may also use the person
information 134 when generating relationship information.

The relationship integration unit 150 receives the rela-
tionship between the product and person from the first
relationship generation unit 340, and if there are relation-
ships of the same person, the relationship integration unit
150 integrates the relationships into one. Then, the relation-
ship integration unit 150 supplies the integrated relationship
to the shopping list management device 20.

Specifically, the relationship integration unit 150 inte-
grates the relationships of the same person on the basis of the
person ID. FIG. 20 is an explanatory diagram illustrating an
example that the product-and-person relationships illus-
trated in FIG. 19 are integrated. In the example illustrated in
FIG. 20, the pieces of relationship information of a person
with the person ID of 1 in FIG. 19 are integrated into one,
and the pieces of relationship information of a person with
the person 1D of 2 are also integrated into one.

The above is an example of a characteristic configuration
of the image processing device 300.

Subsequently, with reference to FIG. 21, the operation of
the image processing device 300 of this exemplary embodi-
ment will be described. FIG. 21 is a flowchart illustrating an
example of operation of the image processing device 300 of
this exemplary embodiment.

Referring to FIG. 21, the image processing device 300
performs the same processes as steps S1001 to S1008
illustrated in FIG. 11, whereby the area change classification
unit 126 classifies the change (step S3001).

The third acquisition unit 310 acquires a captured image
(third captured image), which is an RGB image, from a
video signal sent from the imaging device 5 that has imaged
an aisle in the store (step S3002). The third acquisition unit
310 supplies the captured image, which has been acquired,
to the flow line data generation unit 320.

The flow line data generation unit 320 generates flow line
data of a person in the store by using an RGB image captured
by at least one imaging device (step S3003). Then, the flow
line data generation unit 320 associates the generated flow
line data with the time of the captured image of the flow line
data and supplies them to the first relationship generation
unit 340.

Note that the order of performing processes of steps
S3002 and S3003 may be interchanged with the order of
performing the process of step S3001, or alternatively, the
processes of both may be performed simultaneously.

The first relationship generation unit 340 receives the
classification result of an area of change and the position
information of the area of change from the first change
detection unit 120. Furthermore, the first relationship gen-
eration unit 340 acquires flow line data from the flow line
data generation unit 320. Then, the first relationship gen-
eration unit 340 generates product-and-person relationship
information corresponding to the area of change on the basis
of the imaging time of the area of change tied to the position
information of the area of change and of the imaging time
tied to the flow line data (step S3004). Specifically, the first
relationship generation unit 340 associates the area of
change with a person who visited the product shelf at the
time closest to the imaging time of the area of change from
the flow line data generated at the time before the imaging
time when the area of change was detected. Then, the first
relationship generation unit 340 supplies the generated prod-
uct-and-person relationship information to the relationship
integration unit 150.
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Thereafter, the image processing device 300 performs the
processes of steps S3005 to S3006, which are the same
processes as steps S1010 to S1011 illustrated in FIG. 11.

As described above, the image processing device 300 of
this exemplary embodiment includes the third acquisition
unit 310 and the flow line data generation unit 320. With this
configuration, the flow line data generation unit 320 gener-
ates flow line data on the basis of the RGB image supplied
from the third acquisition unit 310. Furthermore, on the
basis of the area of change detected from the RGB image of
the product shelf 3, the classification result of classifying the
area of change, and the flow line data generated from the
RGB image of the store aisle, the image processing device
300 generates product-and-person relationship information.
The whole body of a person is imaged in the captured image
of the store aisle, which is imaged by the imaging device 5
and used to generate the flow line data. Therefore, it is easier
to identify the person in the captured image than the RGB
image of the product shelf 3. In other words, if the relation-
ship information is generated by using the flow line data as
in the image processing device 300, relationship information
can be expected to be generated with higher accuracy than
in the case where the relationship information is generated
by using the person information 134. Therefore, the image
processing device 300 according to this exemplary embodi-
ment is able to integrate relationship information with higher
accuracy than the image processing device 100 of the first
exemplary embodiment. Thus, the flow line data of custom-
ers can be acquired more accurately, thereby enabling prod-
ucts purchased by customers to be managed properly.

Subsequently, a modification of the third exemplary
embodiment will be described. In the third exemplary
embodiment, the imaging device 5 images the aisle in the
store to generate the flow line data of the customer. The
method of generating the flow line data, however, is not
limited to the method with an image. FIG. 22 is a block
diagram illustrating the modification of the self-checkout
system according to the third exemplary embodiment. The
self-checkout system 4qa illustrated in FIG. 22 includes a
flow line detection device 6 that detects the flow line of a
customer, instead of the imaging device 5 included in the
self-checkout system 4 of the third exemplary embodiment.
The self-checkout system 4a illustrated in FIG. 22 includes
an image processing device 300q, instead of the image
processing device 300 included in the self-checkout system
4 of the third exemplary embodiment.

The flow line detection device 6 is a device that detects
the position of a terminal 10 carried by the customer. The
flow line detection device 6 detects, for example, a near field
radio transmission from the terminal 10 to detect the posi-
tion of the customer. For example, if the person identifica-
tion device 50 authenticates the terminal 10 at a predeter-
mined location (for example, an entrance, or the like) in the
store, the flow line detection device 6 follows the authenti-
cated person and detects the flow line of the person. The
shopping list generation unit 21 may generate a shopping list
that corresponds to the person who carries the authenticated
terminal 10 at the timing of this authentication.

FIG. 23 is a block diagram illustrating a configuration
example of the image processing device 300a. As illustrated
in FIG. 23, the image processing device 300a of this
exemplary embodiment includes a first acquisition unit 110,
a first change detection unit 120, a first storage unit 130, a
third acquisition unit 310q, a flow line data generation unit
320a, a first relationship generation unit 340, and a relation-
ship integration unit 150. As described above, the image
processing device 300a of this modification includes a third
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acquisition unit 310a and a flow line data generation unit
320a, instead of the third acquisition unit 310 and the flow
line data generation unit 320 of the image processing device
300.

The third acquisition unit 310a acquires the position
information of the customer from the flow line detection
device 6. The position information of the customer includes,
for example, the identification information of the terminal
10. The flow line data generation unit 320a generates the
flow line data of a person in the store. The flow line data
generated by the flow line data generation unit 320a is
information including, for example, the identification infor-
mation of the terminal 10 carried by the customer and the
product shelf ID which is the identifier of the product shelf
3 visited by the customer. The method in which the flow line
data generation unit 320a generates the flow line data is not
particularly limited. Similarly to the third exemplary
embodiment, the flow line data generation unit 320a deter-
mines that the customer has visited the product shelf 3 by
using criteria such that the customer stays in front of the
product shelf 3 for a certain period of time, that a distance
between the customer and the product shelf 3 is equal to or
less than a predetermined distance, or the like. Then, the
flow line data generation unit 320a generates flow line data
by linking the identification information of the terminal 10
carried by the customer with the product shelf ID of the
product shelf visited by the customer.

FIG. 24 is an explanatory diagram illustrating another
example of flow line data. As illustrated in FIG. 24, the flow
line data generation unit 320a generates flow line data with
the identification information of the terminal 10 linked with
the product shelf ID. Further, the flow line data generation
unit 320a associates the generated flow line data with the
acquisition time of the flow line data and supplies them to
the first relationship generation unit 340. In other words, the
flow line data generation unit 320a supplies the first rela-
tionship generation unit 340 with the time when each person
in the flow line data visited each product shelf included in
the flow line data. The subsequent processes are the same as
those of the third exemplary embodiment.

As described above, in this modification, flow line data is
generated on the basis of the position information of a
person detected by the flow line detection device 6. Thus, the
flow line data of customers can be acquired more accurately
in the same manner as in the third exemplary embodiment,
thereby enabling products purchased by customers to be
managed properly.

The self-checkout system of the third exemplary embodi-
ment may be configured to include the second acquisition
unit 210 as described in the second exemplary embodiment
to classify the change in the product shelf by using an RGB
image and a range image.
<Modification of Foreground Area Detection Unit>

Subsequently, description will be made on a modification
of the processing of the foreground area detection unit
included in the first change detection unit 120 or in the
second change detection unit 220 in the image processing
device of each exemplary embodiment described above.

In this modification, the foreground area detection unit
121 included in the first change detection unit 120 or in the
second change detection unit 220 further uses pre-registered
shelf area information to specify that the physical objects
included in the area of change are those other than products
on the product shelf 3.

In this modification, description will be made on a modi-
fication of the foreground area detection unit 121 of the
image processing device 100 in the first exemplary embodi-
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ment. This modification, however, is applicable to both of
the image processing device 200 and the image processing
device 300.

FIGS. 25, 26, and 27 are explanatory diagrams each
illustrating an example of operation in which the foreground
area detection unit 121 in this modification detects the
foreground area.

It is supposed that the foreground area detection unit 121,
for example, detects the area of change by comparing the
captured image supplied from the first acquisition unit 110
with the background information 131 and generates a detec-
tion result 71, which is a binary image indicating the area of
change illustrated in FIG. 25. It is assumed that this detec-
tion result includes three areas of change, namely, an area of
change 72, an area of change 73, and an area of change 74.
In such a case, the foreground area detection unit 121
generates a detection result 71A, a detection result 71B, and
a detection result 71C, which are separate binary images for
the respective areas of change, by a general labeling method
with respect to the detection result 71.

In other words, in the case where the detection result
includes a plurality of areas of change, the foreground area
detection unit 121 generates a plurality of binary images in
which each area of change is included in each separate
binary image.

Then, the foreground area detection unit 121 determines
whether the area of change is the area in which the change
related to the change of a product is detected, on the basis
of the pre-registered shelf area information and each of the
plurality of binary images, where the shelf area information
indicates the area in which the product on the product shelf
3 is displayed.

The self-checkout system 1 is monitoring products on the
product shelf 3. Therefore, the area where the products are
displayed, which is indicated by the shelf area information,
can be referred to as “monitored area.” Moreover, the shelf
area information can also be referred to as “monitored area
information.” The shelf area information is, for example, an
image having the same size as the captured image acquired
by the first acquisition unit 110, and may be a binary image
with the pixel value of 255 for the monitored area of the
product shelf 3 to be monitored and with the pixel value of
0 for others. Furthermore, the number of monitored areas
included in the shelf area information may be, for example,
one or more. The shelf area information may be stored, for
example, in the first storage unit 130 in advance. The shelf
area information includes information that specifies the
product shelf 3 included in the captured image acquired by
the first acquisition unit 110.

The foreground area detection unit 121 performs an AND
operation for each corresponding pixel by using the shelf
area information related to the product shelf 3 included in
the captured image acquired by the first acquisition unit 110.
For example, in the case of using the shelf area information
75 illustrated in FIG. 26, the foreground area detection unit
121 performs an AND operation for each corresponding
pixel with the detection result 71A, the detection result 71B,
or the detection result 71C. In the example illustrated in FIG.
26, a monitored area in the shelf area information 75 is
expressed in white, and therefore the shelf area information
75 includes six monitored areas.

A calculation result 76A illustrated in FIG. 27 is a result
of'the AND operation between the shelf area information 75
and the detection result 71A. Moreover, a calculation result
768 is a result of the AND operation between the shelf area
information 75 and the detection result 71B. Furthermore, a
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calculation result 76C is a result of the AND operation
between the shelf area information 75 and the detection
result 71C.

Objects other than products such as persons or carts span
the areas of a plurality of shelves. Therefore, as a result of
the AND operation between the detection result 71A and the
shelf area information 75, the part with the pixel value of
255 (white part) that represents an area of change is divided
into a plurality of areas, as in the calculation result 76 A
illustrated on the left side of FIG. 27. On the other hand, the
parts (white parts) that represent the areas of change in the
calculation result 768 and the calculation result 76C are the
same as those in the detection result 71B and the detection
result 71C, respectively, and each of the parts is a continuous
area (a set of pixels with a pixel value of 255 and with any
of the pixels adjacent to those pixels having a pixel value of
255).

The products displayed in the display area (monitored
area) of the product shelf 3 do not span the plurality of
monitored areas. Therefore, if the area of change is divided
into a plurality of areas as in the calculation result 76A, the
foreground area detection unit 121 determines that the
change in this area of change is a change of an object other
than a product. In such a case, the foreground area detection
unit 121 does not add this change on the detection result
supplied to the foreground area tracking unit 123. In other
words, the foreground area detection unit 121 supplies the
detection result 71B and the detection result 71C to the
foreground area tracking unit 123.

With this configuration, the foreground area tracking unit
123 is able to supply the changes in the products displayed
on the product shelf 3 to the first extraction unit 124 and to
the second extraction unit 125. In other words, the area
change classification unit 126 is able to perform the classi-
fying process of changes in the products displayed on the
product shelf 3, thereby preventing a reduction in the
accuracy of classifying the changes in the products, which
may be caused by an influence of an object other than the
products. Moreover, the foreground area detection unit 121
is able to classify the change in the area of change as a
change in an object other than the product before the
classification process is performed by the area change clas-
sification unit 126, thereby enabling a reduction in the
amount of throughput of the area change classification unit
126.

Subsequently, a concrete example of the present invention
will be described. In a first concrete example, there is
described an example of operation of the self-checkout
system in the case where a customer carries the terminal 10.
In the second concrete example, there is described an
example of operation of the self-checkout system in the case
where a customer does not carry the terminal 10.

FIG. 28 is an explanatory diagram illustrating an example
of operation of the self-checkout system in the first concrete
example. First, when a customer C visits the store, the
person identification device 50 identifies the person via the
terminal 10 carried by the customer (step S11). Thereafter,
the person is uniquely managed with the identification 1D
that identifies the terminal 10. Further, a shopping list
generation means (the shopping list generation unit 21 in the
exemplary embodiment) generates a shopping list L corre-
sponding to the identification ID (step S12). A notification
unit 23 sends the generated shopping list L to the terminal
10 (step S13). Furthermore, the notification unit 23 stores
the generated shopping list L in the shopping list storage unit
24 (step S14).
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Thereafter, a change detection means (the first change
detection unit 120 in the exemplary embodiment) detects the
area of change on the basis of the captured image of the
product, and a classification means (the area change classi-
fication unit 126 in the exemplary embodiment) classifies
the change in the product shelf in the detected area of change
(step S15). It is assumed here that the customer picked up the
product. A shopping list generation means (the shopping list
updating unit 22 in the exemplary embodiment) specifies the
product on the basis of the classification of the change in the
product shelf (specifically, “a change caused by a product
having been taken™) and of the shelving information on the
product shelf and performs a registration process for regis-
tering the specified product on the shopping list L. corre-
sponding to the person (step S16). The notification unit 23
notifies the terminal 10 of the contents of the shopping list
L on which the product has been registered (step S17).

Furthermore, the change detection means detects the area
of change on the basis of the captured image of the product,
and the classification means classifies the change in the
product shelf in the detected area of change (step S18). It is
assumed here that the customer returned the product. The
shopping list generation means specifies the product on the
basis of the classification of the change in the product shelf
(specifically, “a change caused by that a product is contained
anew in the product shelf 3””) and of the shelving information
on the product shelf and performs a deletion process for
deleting the specified product from the shopping list L
corresponding to the person (step S19). The notification unit
23 notifies the terminal 10 of the contents of the shopping
list L from which the product has been deleted (step S20).
The notification unit 23 may notify the terminal 10 of the
shopping list L with the delete flag set for the product.

When the customer is to leave the store, the payment
device 40 performs a payment process on the basis of the
contents of the shopping list L corresponding to the person
(step S21). At this time, the output device 30 may display the
contents of the shopping list L.

FIG. 29 is an explanatory diagram illustrating an example
of operation of a self-checkout system in the second con-
crete example. First, when a customer visits the store, the
person identification device 50 identifies a person C from an
image captured by the imaging device 2 (step S31). There-
after, the person is uniquely identified with the identification
ID that identifies the person. Further, the shopping list
generation means (the shopping list generation unit 21 in the
exemplary embodiment) generates the shopping list L. cor-
responding to the identification ID (step S32). Moreover, the
notification unit 23 stores the generated shopping list L in
the shopping list storage unit 24 (step S33).

Thereafter, in the same manner as the first concrete
example, the change detection means (the first change
detection unit 120 in the exemplary embodiment) detects the
area of change on the basis of the captured image of the
product, and the classification means (the area change clas-
sification unit 126 in the exemplary embodiment) classifies
the change in the product shelf in the detected area of change
(step S34). It is assumed here that the customer picked up the
product. The shopping list generation means (the shopping
list updating unit 22 in the exemplary embodiment) specifies
the product on the basis of the classification of the change in
the product shelf (specifically, “a change caused by a prod-
uct having been taken”) and of the shelving information on
the product shelf and performs a registration process for
registering the specified product on the shopping list that
corresponds to the person (step S35). Specifically, the shop-

10

15

20

25

30

35

40

45

50

55

60

65

40

ping list generation means adds the product to the shopping
list L stored in the shopping list storage unit 24.
It is assumed that the customer thereafter returned the
product. Similarly to the first concrete example, the shop-
ping list generation means specifies the product on the basis
of the classification of the change in the product shelf
(specifically, “a change caused by a product having been
arranged on the product shelf”) and of the shelving infor-
mation on the product shelf and performs a deletion process
for deleting the specified product from the shopping list L
corresponding to the person (step S36). Specifically, the
shopping list generation means deletes the product from the
shopping list L stored in the shopping list storage unit 24.
When the customer is to leave the store, the payment
device 40 performs a payment process on the basis of the
contents of the shopping list L corresponding to the person
C (step S37). Specifically, the output device 30 displays the
contents of the shopping list and the total amount, and the
payment device 40 performs a payment process based on a
deposit or a card payment from the person.
<About Hardware Configuration>
In each of the exemplary embodiments described above,
the constituent elements of each device (more specifically,
each of the image processing devices 100 to 500 and the
shopping list management device 20) are blocks of, for
example, functional units. Some or all of the constituent
elements of each device are implemented by an arbitrary
combination of the information processing device 600 and a
program illustrated in FIG. 30. FIG. 30 illustrates a block
diagram representing a hardware configuration example of
the information processing device 600 that implements the
constituent elements of each device. The information pro-
cessing device 600 includes, for example, the following
components.
Central processing unit (CPU) 601
Read only memory (ROM) 602
Random access memory (RAM) 603
Program group 604 loaded in RAM 603
Storage device 605 that stores program group 604
Drive device 606 that reads and writes data on recording
medium 610 outside information processing device 600

Communication interface 607 connected to communica-
tion network 611 outside information processing device
600

Input-output interface 608 that inputs and outputs data

Bus 609 that connects components

The constituent elements of each device in each of the
above exemplary embodiments are implemented by the CPU
601 acquiring and executing the program group 604 that
implements these functions. The program group 604 that
implements the functions of the constituent elements of each
device is stored in advance in the storage device 605 or the
ROM 602, for example, and the CPU 601 loads the program
group 604 in the RAM 603 and executes it, as necessary. The
program group 604 may be supplied to the CPU 601 via the
communication network 611 or, alternatively, may be stored
in the recoding medium 610 in advance, and the drive device
606 may read the program and supply it to the CPU 601.

There are various modifications for the methods of imple-
menting each device. Each device may be implemented by
an arbitrary combination of the information processing
device 600 and a program, which are separate for each
constituent element. Moreover, a plurality of constituent
elements included in each device may be implemented by an
arbitrary combination of one information processing device
600 and a program.



US 12,165,191 B2

41

Further, some or all of the constituent elements of each
image processing device can be implemented by other
general-purpose or dedicated circuits, processors, or the like
or a combination thereof. These may be configured by a
single chip, or may be configured by a plurality of chips
connected via a bus.

Some or all of the constituent elements of each device
may be implemented by a combination of the above-de-
scribed circuits or the like and a program.

In the case where some or all of the constituent elements
of'each device are implemented by a plurality of information
processing devices, circuits, or the like, the plurality of
information processing devices, circuits, or the like may be
centrally arranged or distributed. For example, the informa-
tion processing devices, circuits, and the like may be imple-
mented in a form such as a client and server system, a cloud
computing system, or the like, in which the information
processing devices, circuits, and the like are connected to
each other via a communication network.

Subsequently, an outline of the present invention will be
described. FIG. 31 is a block diagram illustrating the outline
of'a self-checkout system according to the present invention.
A self-checkout system 800 (for example, the self-checkout
system 1) according to the present invention includes: a
change detection means 810 (for example, the first change
detection unit 120) for detecting an area of change in a
product shelf on which a product has been arranged, on the
basis of a captured image of the product; a classification
means 850 (for example, the area change classification unit
126) for classifying the change in the product shelf in the
detected area of change; and a shopping list generation
means 860 (for example, the shopping list updating unit 22)
for generating a shopping list for a customer, on the basis of
the classification of the change in the product shelf and of
shelving information on the product shelf.

With such a configuration, products purchased by cus-
tomers can be properly managed without preparing images
of individual products in advance.

Specifically, the classification of the change in the product
shelf may be any one of a change caused by a product having
been taken, a change in a store environment of the product
shelf, a change caused by a product having been arranged on
the product shelf, and a change caused by a different
appearance of the product.

In addition, in the case where the classification of the
change in the product shelf is a change caused by a product
having been taken, the shopping list generation means 860
may register the product on the shopping list.

Furthermore, in the case where the classification of the
change in the product shelf is a change caused by a product
having been arranged on the product shelf, the shopping list
generation means 860 may delete the product from the
shopping list.

Moreover, the change caused by a different appearance of
the product, which is the classification of the change in the
product shelf, may include a change in appearance caused by
a different product having been arranged and a change in
appearance caused by a change in product attitude.

Further, the self-checkout system 800 may include a
relationship generation means (for example, the first rela-
tionship generation unit 140) for generating relationship
information indicating the relationship between the area of
change and the person. The relationship generation means
may generate the relationship information by associating the
area of change with the person, on the basis of the imaging
time and the person information acquired from the captured
image and on the basis of the position information and the

10

15

20

25

30

35

40

45

50

55

60

65

42

imaging time of the area of change acquired from the
captured image. Then, the shopping list generation means
860 may generate a shopping list corresponding to the
person, on the basis of the classification of the change in the
product shelf in the area of change and of the shelving
information on the product shelf. With this configuration, the
flow line of the person can be acquired from the image, by
which products purchased by customers can be properly
managed.

Similarly, the self-checkout system 800 may include a
relationship generation means (for example, the second
relationship generation unit 240) for generating relationship
information indicating a relationship between the area of
change and the person. The relationship generation means
may generate relationship information by associating the
area of change with the person, on the basis of the infor-
mation acquisition time and position information of the
person detected by a flow line detection means (for example,
the flow line detection device 6) for detecting a flow line of
a person in a store and on the basis of the position infor-
mation and imaging time of the area of change acquired
from the captured image. In addition, the shopping list
generation means may generate a shopping list correspond-
ing to the person on the basis of the classification of the
change in the product shelf in the area of change and of the
shelving information on the product shelf. Since the flow
line of a person can also be acquired with the above
configuration, products purchased by customers can be
properly managed.

In addition, specifically, the classification means 850 may
use a shelf change model (for example, the shelf change
model 132), which is a model of a change in the product
shelf depending on before and after a time change, to
classify the change in the product shelf from the images of
the area of change.

The change detection means 840 may detect the area of
change in the product shelf on which the product has been
arranged on the basis of an RGB image and of a range
image, which has been obtained by imaging the imaging
range of the RGB image, as the captured images of the
product. This configuration enables changes in the product
shelf to be determined more accurately, by which products
purchased by customers can be managed more properly.

Although some or all of the above exemplary embodi-
ments may also be described as in the following Supple-
mentary notes, the present invention is not limited to the
following.

(Supplementary note 1) A self-checkout system compris-
ing: a change detection means for detecting an area of
change in a product shelf on which a product has been
arranged, on the basis of a captured image of the product; a
classification means for classifying the change in the product
shelf in the detected area of change; and a shopping list
generation means for generating a shopping list for a cus-
tomer on the basis of the classification of the change in the
product shelf and of shelving information on the product
shelf.

(Supplementary note 2) The self-checkout system accord-
ing to Supplementary note 1, wherein the classification of
the change in the product shelf is one of a change caused by
a product having been taken, a change in a store environ-
ment of the product shelf, a change caused by a product
having been arranged on the product shelf, and a change
caused by a different appearance of the product.

(Supplementary note 3) The self-checkout system accord-
ing to Supplementary note 2, wherein the shopping list
generation means registers the product on the shopping list
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in the case where the classification of the change in the
product shelf is a change caused by a product having been
taken.

(Supplementary note 4) The self-checkout system accord-
ing to Supplementary note 2, wherein the shopping list
generation means deletes the product from the shopping list
in the case where the classification of the change in the
product shelf is a change caused by a product having been
arranged on the product shelf.

(Supplementary note 5) The self-checkout system accord-
ing to any one of Supplementary notes 2 to 4, wherein the
change caused by a different appearance of the product,
which is the classification of the change in the product shelf,
includes a change in appearance caused by a different
product having been arranged and a change in appearance
caused by a change in product attitude.

(Supplementary note 6) The self-checkout system accord-
ing to any one of Supplementary notes 1 to 5, further
comprising a relationship generation means for generating
relationship information indicating a relationship between
an area of change and a person, wherein: the relationship
generation means generates relationship information by
associating the area of change with the person, on the basis
of the imaging time and person information acquired from
the captured image and on the basis of the position infor-
mation and the imaging time of the area of change acquired
from the captured image; and the shopping list generation
means generates the shopping list corresponding to the
person on the basis of the classification of the change in the
product shelf in the area of change and of the shelving
information on the product shelf.

(Supplementary note 7) The self-checkout system accord-
ing to any one of Supplementary notes 1 to 5, further
comprising a relationship generation means for generating
relationship information indicating a relationship between
an area of change and a person, wherein: the relationship
generation means generates relationship information by
associating the area of change with the person, on the basis
of the information acquisition time and position information
of the person detected by a flow line detection means for
detecting a flow line of a person in a store and on the basis
of the position information and imaging time of the area of
change acquired from the captured image; and the shopping
list generation means generates a shopping list correspond-
ing to the person on the basis of the classification of the
change in the product shelf in the area of change and of the
shelving information on the product shelf.

(Supplementary note 8) The self-checkout system accord-
ing to any one of Supplementary notes 1 to 7, wherein the
classification means classifies the change in the product
shelf from the image of the area of change by using a shelf
change model that is a model of a change in the product shelf
depending on before and after a time change.

(Supplementary note 9) The self-checkout system accord-
ing to any one of Supplementary notes 1 to 8, wherein the
change detection means detects the area of change in the
product shelf on which the product has been arranged on the
basis of an RGB image and of a range image obtained by
imaging the imaging range of the RGB image as the cap-
tured images of the product.

(Supplementary note 10) A purchased product manage-
ment method comprising the steps of: detecting an area of
change in a product shelf on which a product has been
arranged, on the basis of a captured image of the product;
classifying the change in the product shelf in the detected
area of change; and generating a shopping list for a customer
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on the basis of the classification of the change in the product
shelf and of shelving information on the product shelf.

(Supplementary note 11) A purchased product manage-
ment program for causing a computer to perform: a change
detection process for detecting an area of change in a
product shelf on which a product has been arranged, on the
basis of a captured image of the product; a classification
process for classifying the change in the product shelf in the
detected area of change; and a shopping list generation
process for generating a shopping list for a customer on the
basis of the classification of the change in the product shelf
and of shelving information on the product shelf.

The programs described in each of the above exemplary
embodiments and supplementary notes are each stored in a
storage device or recorded in a computer-readable recoding
medium. The recoding medium is a portable medium such
as, for example, a flexible disk, an optical disk, a magneto-
optical disk, and a semiconductor memory.

REFERENCE SIGNS LIST

1, 4, 4a Self-checkout system

2, 5 Imaging device

3 Product shelf

6 Flow line detection device

10 Terminal

20 Shopping list management device
30 Output device

40 Payment device

50 Person identification device

71 Detection result

72 Area of change

73 Area of change

74 Area of change

75 Shelf area information

76 Calculation result

90 Classification result

91 Second attention image

92 First attention image

93 Type of change

100 Image processing device

110 First acquisition unit

120 First change detection unit

121 Foreground area detection unit
122 Background information updating unit
123 Foreground area tracking unit
124 First extraction unit

125 Second extraction unit

126 Area change classification unit
127 Distance information updating unit
130 First storage unit

131 background information

132 Shelf change model

133 Foreground information

134 Person information

135 Distance information

140 First relationship generation unit
150 Relationship integration unit
200 Image processing device

210 Second acquisition unit

220 Second change detection unit
230 Second storage unit

240 Second relationship generation unit
250 Relationship integration unit
300, 300a Image processing device
310, 310a Third acquisition unit
320, 320a Flow line data generation unit



US 12,165,191 B2

45

340 First relationship generation unit

600 Information processing device
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The invention claimed is:

1. A self-checkout system comprising a hardware proces-
sor configured to execute a software code to:

detect an area of change in a product shelf on which a

product has been arranged, based on a captured image
of the product;

classify the change in the product shelf in the detected

area of change; and

generate a shopping list for a customer based on the

classification of the change in the product shelf and of
shelving information on the product shelf,
wherein the classification of the change in the product
shelf is one of a change caused by a product having
been taken, a change in a store environment of the
product shelf, a change caused by a product having
been arranged on the product shelf, and a change
caused by a different appearance of the product, and

wherein the change caused by a different appearance of
the product, which is the classification of the change in
the product shelf, includes a change in appearance
caused by a different product having been arranged and
a change in appearance caused by a change in product
attitude, and

wherein the hardware processor is configured to execute

the software code to classify the change in the product
shelf from the image of the area of change by using a
shelf change model that is a model of a change in the
product shelf depending on before and after a time
change.

2. The self-checkout system according to claim 1, wherein
the hardware processor is configured to execute the software
code to register the product on the shopping list in a case
where the classification of the change in the product shelf is
a change caused by a product having been taken.

3. The self-checkout system according to claim 1, wherein
the hardware processor is configured to execute the software
code to delete the product from the shopping list in a case
where the classification of the change in the product shelf is
a change caused by a product having been arranged on the
product shelf.

4. The self-checkout system according to claim 1, wherein
the hardware processor is configured to execute the software
code to:

generate relationship information indicating a relationship

between an area of change and a person by associating
the area of change with the person, based on the
imaging time and person information acquired from the
captured image and based on the position information
and the imaging time of the area of change acquired
from the captured image; and

generate the shopping list corresponding to the person

based on the classification of the change in the product
shelf in the area of change and of the shelving infor-
mation on the product shelf.

46

5. The self-checkout system according to claim 1, wherein
the hardware processor is configured to execute the software
code to:

generate relationship information indicating a relationship

5 between an area of change and a person by associating
the areca of change with the person, based on the
information acquisition time and position information
of the person detected by a flow line detection unit for
detecting a flow line of a person in a store and based on

10 the position information and imaging time of the area
of change acquired from the captured image; and

generate a shopping list corresponding to the person based

on the classification of the change in the product shelf
in the area of change and of the shelving information on

15 the product shelf.

6. The self-checkout system according to claim 1, wherein
the hardware processor is configured to execute the software
code to detect the area of change in the product shelf on
which the product has been arranged on based on an RGB

20 image and a range image obtained by imaging the imaging

range of the RGB image as the captured images of the
product.

7. A purchased product management method comprising:

detecting an area of change in a product shelf on which a

25 product has been arranged, based on a captured image
of the product;

classifying the change in the product shelf in the detected

area of change by using a shelf change model that is a
model of a change in the product shelf depending on

30 before and after a time change; and

generating a shopping list for a customer based on the

classification of the change in the product shelf and of
shelving information on the product shelf,

wherein the classification of the change in the product

35 shelf is one of a change caused by a product having
been taken, a change in a store environment of the
product shelf, a change caused by a product having
been arranged on the product shelf, and a change
caused by a different appearance of the product, and

40  wherein the change caused by a different appearance of
the product, which is the classification of the change in
the product shelf, includes a change in appearance
caused by a different product having been arranged and
a change in appearance caused by a change in product

45 attitude.

8. A non-transitory computer readable information record-
ing medium storing a purchased product management pro-
gram, when executed by a processor, that performs a method
for:

50  detecting an area of change in a product shelf on which a
product has been arranged, based on a captured image
of the product;

classifying the change in the product shelf in the detected

area of change by using a shelf change model that is a

55 model of a change in the product shelf depending on
before and after a time change; and

generating a shopping list for a customer based on the

classification of the change in the product shelf and of
shelving information on the product shelf,

60  wherein the classification of the change in the product
shelf is one of a change caused by a product having
been taken, a change in a store environment of the
product shelf, a change caused by a product having
been arranged on the product shelf, and a change

65 caused by a different appearance of the product, and

wherein the change caused by a different appearance of

the product, which is the classification of the change in
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the product shelf, includes a change in appearance
caused by a different product having been arranged and
a change in appearance caused by a change in product
attitude.



